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PREFACE 


In the year 1S74 apogamy dif%CE>vered in Fern!; by l^'arlo^^^ : and En 
1S84 instances of apospory in Ferns were den’ion si rated before die Linnaciin 
Society of London by f>raery* These events cumulated a fresh en(piirv inu> 
the nature and origin of Altcrnaiion in Arefiegoniate liuniSn My o^vn 
observations on apospory confirmed my imeresi in this (jiiesiion ; it seemed 
to me probable that some biological cause had determined the prevalence 
and constancy of the alternation, to which apogamy and apospory appear as 
occasional exceptions. The theory was eniertained that the change of 
conditions involved in the invasion of the Land by organisms originally 
aquatic had played a prominent part in the establishment of those 
alternating phases of the life-cycle which are so characteristic of Arcliegoniait 
Plants- As early as 18B9 1 had already written several chapters of a 
treatise on this subject ; but the necessary facts were found to be then so 
imperfectly known that the work was abandoned, and instead of a full 
discussion of the matter, the Biological Theory of Aniithelk AUcrnalion 
was briefly stated in a paper published in the Aunah of Boftuty in 1S90 
(vol. iv, p* 347), The main position of Celakovsky In discriminating 
between Homologous and Antithetic Alternation was adopted; but the 
latter type, as seen in Archegomate Plants, was recognised as having been 
fixed and perpetuated in accordance with the adaptation of aquatic organisms 
to a Land-Habit. The Siudks tit ih Morphology of Sport-pnPdiutng Mankrs 
were then entered upon as preliminary investigations to elucidate the facts 
requisite for a more full statement, and they were published in five parts, 
from 1S94 to 1903. Meanwhile, in 1S94 Strasburger contributed to the 
Meeting of the British Association in Oxford his paper on the “ Periodic 
Reduction of Chromosomes," He brought together a wealth of facts 
esiablkhing the cytological distinction of the alternating generations, and 
his theoretical position was virtually identical with that of my paper of 
four years earlier. 
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Now; after the lapse of seventeen years, ii Itas been possible to state the 
hiologicral argument more hilly in ihe present voltnne, strengthened by many 
new faets, The First Part (pp. i'254) deals with the general theory. The 
Seeond Part fpp, 2 55-(>57) is taken up with a detailed statement of the facts, 
together with comparison of the constituents of the several phyla inkr sc. 
Tlic 1 'tiird Part (pp. 65S-717) is devoted to general comparisons and con- 
clusions, The atten^pt has been made to work in the results of Palaeonto 
logical research with those of the comparative analysis of living forms* The 
entiuiry has related to all the chcaractcrs, both vegetative and propagative, of 
the sporophyte generation : these include the external foriTij the embryogeny, 
and anatomical features, and especially the structure and development of 
the Spo reproducing members, while the characters of the gametophyte 
have also been taken into account. It is found that the conclusions 
arrived at are supported by general convergence of the lines of evidence 
derived from all of these sources. 

The method adopted in the preparation of this work has been to 
examine not only the mature structure, but also the development of the 
organisms, and of their several parts. While fully utilising the results of 
Palaeontological and anatomical study, considerable weight has throughout 
been given to the facts of the individual development : sometimes the latter 
appear to oppose the former. It Is not held that the ontogenetic history 
will always serve as an infallible guide, and opportunity has been taken 
to point out that conclusions based upon it are liable to be overruled by 
the results of wide comparison (pp. 159, 636, and 660, footnote). But it 
is felt that in much of the recent work on Pleridophytes, and especially 
where fossil comparisons come in, the arguments from individual develops 
ment have been accorded less than theit due share of attention* 

1 have made no attempt to give comprehensive or complete biblio- 
graphical references : from CampbelTs Afosses u?id Perm and from other 
sources such references can readily be obtained. But ivherever a quotation 
is made* or where a substantial body of information derived from another 
author has been embodied in the text, the reference is fully given. While 
thus acknowledging my indebtedness to those whose work is published, 
I desire also to record the continuous personal Jrelp so willingly given by 
three friends and colleagues, who have all allowed me the use of unpub- 
lished drawings and facts. Mn Kidston^s peculiarly exact knowledge has 
greatly strengthened and amplified the Palaeontological statements, while 
Dr. Lang and Mr, Gwynne- Vaughan have given me throughout the 
assistance of friendly criticism, and the support of their special knowledge 
of certain branches of the matter in hand. 

In conclusion, I am well aware that the chief question dealt with 



lies outside the realm of possible proof under present conditions; die 
theory is subiiiiUed as a working hypothesis. NaUirally [i is Eippih.ible 
with greater readiness to those organisms whidi are less advEinc ed, Inil 
less readily to those which have departed furthest along (he lines of 
adaptation to life on exposed hand Surfaces, t^thcir o|)inions on the rjHgin 
and nature of Alternation have come into fresh prominence in rect in 
years^ and especially the view ilvAt the present conditifni of the Arehe- 
goniatae has originated by differentiation of phases of a life cycle originally 
Homologous. This theory has not been disproved any more than the 
theory of Antithetic Alternation has been proved Whatever view be 
ultimately taken of the prime origin of the aUernaiing generations^ many 
of the conclusions arrived at here as to tlie morphological progress and 
phyletic grouping of the Archegoniatae will stand: they have a validity 
of their own quite apart from any (question of the ultimate origin of the 
spoTopbyie, which has finally become the dominant factor in the I’lora of 
the Land. 

F, U. BOWER, 


G^Asnow^ 1907. 
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ADDENDU^[. 


By a regrettable oversight no mention iias beeii made in the text 
of the interesting neiv genus Loxm/i<^/>s/s, described by Dr, Christ as 
leaving been discovered in Costa Rica {BfdL de V Herb. Bomier^ zme 
ser.j tome iv., p. 393, 1904). This rare Fern, still unknown as 
regards stipe and rhi^some, shows a habit like that of but larger. 

The outline of the leaf, especially at the base of the pinnae, shows 
archaic characters, while the sori correspond in geiteral features to those 
of LQxioma ; but the sporangia have a lateral dehiscence, and a complete 
ring composed of very numerous cells, In these details Loxs&mopsis 
corresponds to Tkyr^opUris. Pending a better knowledge of its characters 
and especially of its anatomy, it may be accorded a place in the 
neighbourhood of Loxsoma and Thyrs&ptcns^ about the base of the 
series of Gradatae (compare p. 655, and Fig. 354), 



INTRODUCTION, 


Of the hvo branches of the Organic Worlds the Vegetable Kingdom 
might be expected to ]>resent a simpler problem of Descent ihuti the 
Animal Kingdom, on account of the prevalent non motility of the mature 
mdividuab That fixity of position which the Higher IMants sliow, should 
tend to a more obvious record of previous events than the artdjuLuory 
habit of Animals, and especially of their higher tyfies^ woiikl seem to 
allow. It is reasonable to expect that organisms of fixed position 
should demonstrate in their distribution some traces of their past history ; 
these would be specially valuable in the elucidation of the problem of 
the Origin of a Land Mora, and of the relation of the Land-growing 
Plants to those of the water. 

But this primd probabilit)^ is largely discounted by tlie extra- 

ordinary facility shown by Plants for the distribution of their germs. A 
comparison of the Higher Animals with tlie Higher Plants in respLCt 
of motility shows that the motile parent in ihe former is without special 
provision for distribution of its germs, while the Plant with its fixity of 

station shows high elaboration and variety in the methods of their 

dissemination. In consequence of this there will be a natural tendeiKy 

in the vegetable kingdona, as there is also in that of animals, towards 
the obliteration of any such genetic record as the fixity of position of 
the individual plant during Its active vegetation might otherwise have 

been expected to have left. Accordingly, on examination of the vegetation 
of any ordinary country-side, its uplands and lower levels, its swamps. 
Streams* and pools, plants of the most varied affinity are found to be 
promiscuously shuffled together, and show^ little sign of ranking in their 
position according to their descent. For instance, the Mora of still 
fresh waters may be found to consist of sucli plants as various green 
Algae and Characeae \ of Isodei and J^ihtlaria ; together with .\ngios perms* 
such as Litiordln^ L&hdia^ and Stilstdnria. In flowing mountain streams* 
in addition to green Algae may be found Chanirtinsia and Lvwanfa, 
associated with FoniinaUs and sundry Angiosperms. Conversely, in various 
positions on land, along with certain Algae in moist spots* repre.se n tat ives 
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of the gretit groups of Jlryophy[eSj Pieridophytes, and Seed -plan is may 
he found in dose juxtaposition, and sharing the same external conditions. 
On the sea-littoral it is othenvtse : there Algae are found associated 
together almost to the exclusioii of other plants. Nevertheless, occasional 
Phanerogams do invade the hell between tide-marks, and thus even this 
limit between the Vascular Flora of the land and the Algal Flora of the 
sea-liiioial is apt to be biurred. 

It is plain, then, from such simple examples as these, which might 
be inde^nitely varied and extended, that the problem of the origin of 
a Land-Flora is not to be solved by any mere reading of the facts of 
distribution iiuo terms of the evolution of the characteristic plants of 
the land. Sortie otlier basis than that of distribution at the present day 
must be found for the solution of the problem. It is to be sought for 
in their comparison as regards structure and function, and that not only 
in the most complete cotidition of full development, but also in the 
successive phases of the individual life-cycle^ 

■Phe study of the form and structure of plants, as well as of their 
physiology, directs attention naturally to the water relation : this more 
than any other single factor dominates the construction of land-living 
plants, while comparison with kindred aquatics shows how profoundly 
land-living plants are influenced by the necessity of adequate water-supply* 
But not only is this dependence of Land-plants on water a general 
feature of the whole life-cycle ; in certain large groups of plants it is 
found that leading events in the individual cycle are directly dependent 
upon the presence of external fluid water. The importance of such 
matters in relation to the present problem of the Origin of a Land-Flora 
will be gauged by their prevalence and constancy in lai^e groups of 
organisms. Now in the whole series of Archegoniate Plants (Mosses and 
Ferns), and in some Gymnospetms the act of fertilisation can only be 
carried out in presence of fluid water* outside the actual tissue of the 
Organism : their spermatOKoids are for a time independently motile in 
external ivater, and it is a mere detail that in the higher and more 
specialised forms, the distance to be traversed is only short from the 
point of origin of the spermatozoid to the ovum which il is to fertilise* 
The importance of fertilisation need not be insisted on here : everyone 
will admit it to be a crisis, perhaps the most grave crisis, in the life- cycle 
of the plants When this critical incident in the life is found, in so large a 
series of allied plants as the Archegoniatae, to be absolutely dependent on 
the presence of external fluid water for Its realisation, that fact at once 
takes a premier place in any discussion of the relation of plants to water. 

A comparison of the Seed-Plants with the Archegoniatae leads without 
any doubt to the conclusion that their method of fertilisation by means 
of a pollen-tube is a substitution for that by means of the motile 
spermatozoid^ The Seed-Plant by adopting this siphonogamic mode of 
fertilisation becomes thereby independent of the presence of external 



INTRODUCTION 




fluid water at tins critical period: St may thus be hdd Ut havi; hr(jktii 
away from a condition of life inconvenient and embarrashinj' tn organism^ 
which live on exposed land-surfaces: and to have established itsdf in 
this character j as well as in its ve^^etative develo[imcnt, as a tyincal 
land-living organism. If this view of the matter be adopted^ it bellows 
that the Mosses and Ferns occupy a middle position in the relation to 
water: they may almost be described as amphibious, since, though they 
vegetate mostly on land, and show certain advanced structural adaptations 
to such life, they are nevertheless dependent upon eMernal water for tlu: 
important incident of fertilisation in each individual life-cycle, 'rhe 
strange feature is that they have retained so persistently tliis aipiatrc 
type of fertilisation. 

Looking further down in the scale of vegeiationj attention is (naturally 
directed ^ towards the Algae^ plants resemblingt in some superficial 
characters of cell -structure and of colouring, the simpler terms of the 
Archegoniate series, though still more dependent than tiiey upon external 
fluid water for the completion of their life-cycle. It may well be that 
the afifinity which such features suggest is at best only a i emote one ; 
but at least the existence of such forms would seem to justify the view 
as a probable one, that the great Archegoniate series, which lias had 
so large a share in initiating that Land-Flora ivhich we now see occupying 
the exposed land surfaces of the globe, has had its origin in at|uatic 
forms: that from these a gradual adaptation to a land-habit has provided 
those forms of vegetation which we group togeil^er under lE^e terms, 
Liverworts, Mosses, Club-mosses, Horsetails, and Ferns: and finally, 
with further adaptation to the land-habit, came the Seed-Plants— hrst 
the Gymnosperms and subsequently the higher Flowering Plants, The 
latter culminated in the Gatnopetalous Dicotyledons, which are essentialU' 
of Flowering Plants the most typical elements of a Land-Flora, since 
they include a smaller proportion of aquatic species than either the 
Monocotyledons or the Archichlamydeae, 

This, then* is the general position adopted at the outset: it is in 
accordance with the known facts of Palaeontology, and is the view 
generally entertained by modern morphologists. It will be the object of 
the present work to enquire into the details of such progressions as 
those above mentioned; especially it will be our duty to see how far 
the life-histories of Archegoniate forms will justify the view that tlie 
present Land-Flora has originated from an aquatic ancestry, and tluit 
there has been a migration from the water to the land: in that case, 
it will be a ftirEher object , to ascertain how this has been carried ouq 
and to trace those methods of specialisation to a land-habit, which 
have led to the establishment of the higher terms of the series as the 
characteristic representatives of the Flora of exposed land -surfaces. 

It is no new view which is thus to be put forward; for it has long 
ago been concluded that the origin of life, whether animal or vegetable* 
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has h^eu 'n\ the svaier, and that the higher forms of either kingdom 
have assumed such structural and physiological characters as enable them 
to subsist in greater independence of aquatic surroundings than their 
simpler progenitors. The present attempt will be to fill in certain of 
the details into this general scheme, as applied to the vegetable kingdom, 
and to present some connected story of how the transition may have 
come about, as it may be seen reflected in the plants themselves, 
whether of the present day or of the remote past. 



CHAPTER 1. 


THE SCOPE AND LIMITATIONS OF COMPARATIVE 

MORPHOLOGY. 

Confronted with the great variety of plant-types which e>i]st living and 
fossil on the earth’s crust, the Botanist may regard them in various ways 
with a view to reducing them to some general conception of order. He 
may be satisfied with the mere cataloguing and description of the 
divers forms which he is able to distinguish, and with the grouping of 
those together which show characters in common : — this is the work of 
the Descriptive Botanist, and it naturally took the first place in the 
historical development of the science. Or he may attempt to find in 
such similarities of form as are shown by organisms thus grouped 
together some consecutive account of their probable origin : — this is the 
work of the Scientific Systematise or student of Phylogeny, and it is the 
ultimate aim of all current Morphology. 

In the earlier periods the student of form understood himself to be 
enquiring into the details of the Divine plan, as illustrated in a series 
of isolated creations: and any similarities which species might show 
would demonstrate for him merely the underlying unity of that plam 
But In these later days he believes that the comparative study of form 
will lead him towards a knowledge of the main lines of descent. 
Contributory to this, which can only result in a balancing of probabilities, 
or often of mere surmises, is the study of the P'ossils: Palaeophytology 
gives the only direct and positive clue to the sequence of appearance 
’ of plant-forms in past time upon the earth. Unfortunately the results 
acquired as yet along this line of observation are so fragmentary that 
they do not suffice to indicate even the general outline of the true 
picture; they must for the present be used rather as a check to phyietic 
theories than as their constant guide. The field is thus left in great 
measure open to other lines of enquiry. 

A second line of evidence which bears upon the evolutionary history 
may be derived from the geographical distribution of plants upon tlie 
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earth’s surface. This is^ however^ applicable only within certain limits : 
one of those limits is imposed by the wide distribution of germs 
which is so prevalent in plants. Wherever the mechanism for dispersion 
of germs is highly elaborated^ and successful, the traces of evolu- 
tionary history^ as shown by geographical distributiorij are apt to be 
obliterated. The consequence is that in practice such distribution is 
only available as evidence of descent within restricted limits^ The 
great geographical barrierSs such as the tropics* the greater oceans^ and 
the more continuous mountain ranges, it is true, delimit at present certain 
areas of vegetation, wnihin which evidence of value as contributory to 
a knowledge of descent may be gathered ; but at best this applies only 
to the later phases of evolution, and geographical distribution of plants 
at the present day gives little clue, or perhaps none at all, to tlie origin 
of the great groups which constitute the Vegetable kingdom at large. 
Ihe fact that such genera as Rquhtittm^ Lyci>podium^ Seiagmdla^ 
Mx^irattia^ MaruHa^ and PUularia are* within their several limits of 
temperature* virtually cosmopolitan show's how little can be expected from 
geographical ^i^stribution of living forms as a key to the evolution of 
early types. Among fossils* Leptdodendron is virtually cosmopolitan. Plants 
of the Gio^soptens flora, long thought to be distinctively southern, have 
recently been recognised from Russia* Such examples suggest that neither 
does the geographical distribution of fossils as yet give any certain 
evidence as to descent of the main phyletic lines. 

Another closely related branch of Botanical science is the study of 
organisms from the aspect of function and circumstance, as tested by 
physiological esperimentH The intimate connection between form and 
environment is too obvious to need insistence here; but though the 
individual shows a high degree of plasticity under varying conditions, still 
there is a large field* embracing the very fundamentals of plant-form* 
such as the evolutionary origin of leaves, of roots* or of sporangia* which 
lies as yet outside the region of physiological experiment* Thus* however 
interesting the branch of physiological morphology may be* its scope is still 
narrowly limited. The method of experiment* with a view to ascertaining 
the efiect of external agencies in determining form, is novir nascent* and 
carries with it high possibilities* But it is well in the enthusiasm of the 
moment to keep In view the limitations which must always hedge it 
round. It is to be remembered that the effect nf external conditions 
upon form Is always subject to hereditary control, and that thus a large 
field is left open still for speculation. This seems to have been forgotten 
by a recent writer, who remarks that "the future lies with experimental 
Morphology, not with speculative Morphology* which is already more than 
full blown*” ^ Though we may question the cogency of this antithesisi still 
the assertion contains an important truth* inasmuch as it .accords prominence 
to experimeni; but the case is overstated. All who follow the development 

1903, p. 500. 
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of morphological science wilt vjiliiu the results already ol>tairieil froan llu’ 
application of experiineni lo the pix>hlem.s (jf phnit-lornK Mot it is 
necessary Jil the same time lo recognise that the two plusi^s nf ilu- 
study, the experimental and ttie speculative, are not antithetK to one 
anottier, but mutually depcixlent ' the one tuit never supersede the oiln-r. 
The full problem of Morphology is not merely to nee how plants behave 
to external circumstances mtit ) — and this is all that experimental mttrphology 
can ever tell us — but to explaiUt tn the light of their behaviour none, how- 
in the past they came to be such as we now see them. 'To this end tin- 
experimental morphology of to-day will serve as a most valuable guide, 
and even a check to any more speculative method, by limiting its 
exuberances within the lines of physiological probability. Hut ] present day 
experiment can never do without theory in tjijestions of descent. 
Experiment by itself caimot reconstruct history; for it is impossilde to 
rearrange for purposes of experiment all the conditions, such as light, 
moisture, temperature, and seasonal change, on the exact footing of an 
earlier evolutionary period. And even if this were done, are w^e sure that 
the subjects of experiment themselves are really the same? There remains 
the factor of hereditary character ; there is also ilie ([uestion as to the 
circumstances of compelilion w^hich cannoc possibly be pul back to the 
exact position in which they once w^ere. Consequently tltcre must always 
be a margin of uncertainty whether a reaction observed under experiment 
today would be the exact reaction of a past age. So far, then, from 
experiment competing with, or superseding speculation in Morphology, it 
can only act as a potent stimulus to fresh speculation, whenever the 
attempt is made to elucidate the problem of descent. It will he only 
those who minimise the cooservaltve iirflueitces of heredity, or, it may be, 
relegate questions of descent to the background of their minds, who will 
be satisfied by the exercise of the experimental method of morphological 
enquiry^ apart frorri speculation. 

The relations of Morphology and Physiology liave been variously 
recognised in the course of development of the science. In the earlier 
periods the two points of view' rarely overlapped. Even Sachs, the great 
pioneer of modern experimental physiology, kept the two branches distinct 
in his text-book, recognising the “Difference between Members -and 
Organs/’ But later, in his lectures, he brought them more closely 
together, and habitually regarded morphological facts in their physiological 
aspect. This is indeed the natural position for any adherent of Evolution: 
and it has been concisely said that morphology deals with the stereotyped 
results of physiology. Such a statement may, however, be criticised as 
assuming too much, in that it accords all initiative in, and determination 
of form, as well as its selection and perpetuation, to the influence of 
circumstance and function. A more apposite summing up of the relations 
of the two branches of Biological science has lately been given by Uoebel ' 

^ ‘*DieGrundprobieme Oer heutigen rflaite^jnmorphologie/^ Ctufrh^., Bd. xsi ., No. 3 . 



s 


SCOVK OV COMTAKATIVK MORri-IOLOGY 


when ]\e iiaid that “ J^Iorpholo^v Incliules such phenomena as are not 
yet physiological!)' understoocl.” He further indicate.s that the separahon 
of the two jKHnts of view has not any foundation in the nature of the 
case, hut it is only a preliminary aid to a dear view amid the multiplicity 
of phenomena, 'i'he limits between morphology and physiology must 
necessarily fall away as advances are made. But nteanwhile Morphology 
must continue to exist, even though it is not and cannot be an exact 
science: it deals comparatively with phenomena imperfectly explained as 
regards their origin in the individual or the race. The history of develop- 
meiit of plant-form is ati ideal to be approached experimentally^ and the 
final object \vill be not merely a knowledge of the phylogenetic development, 
but of the very essence and cause of the development itself. It will be 
obvious how' far present phylogenetic theory falls short of this ideal of 
Causal Morphology, but that is no sufficient reason for discontinuing its 
pursuit as a progressive study. 

For the present the comparative study of plantTorm from the point 
of vieiv of descent, as exhibited in the various phases of the individual 
life-cydcj must be pursued as in itself a substantive branch of the science : 
it IS clear from what has been said above that it is not co-extensive with 
either Falaeophytology, Plant-Geography, or Plant- Physiology : nevertheless 
it overlaps with all of these, and must be liable to be checked by the 
results of any of these branches. Furthermore^ the extension of knowledge 
of any of these branches wilt inevitably lead to further overlappingt till 
in the end the knowledge derived from the various methods of investigation 
should coincide in conclusions which will be general for them all, and 
constitute a true perception of the evolutionary story. But at the moment 
this consummation is so far from being attained that there is still room 
for the theoretical treatment of the evolution of plants as based on the 
formal comparison of their life'Cycles. This must take due cognisance of 
the other branches of study, but will still rest upon* its own footing of 
fact and conclusion. 

"1 here is one assumption involved in such comparative study which 
should be clearly apprehended and considered, rather than tacitly passed 
over. An evolutionary argument based on comparison of life-cycles is 
only valid if the organisms compared have retained the main incidents 
in their individual life unchanged throughout descent. In the main argu- 
ment of this work, the assumption is deliberately made that such constancy 
existed, or^ ratherj the argument proceeds upon the conclusion derived 
from broad comparison, that the main Incidents once initiated have been 
pertinaciously retained. It may be held, and reasonably defended, that 
sexuality may have arisen in many distinct pbyletic lines. It is not our 
present purpose to distinguish those different origins, or defend their 
distinctness. But comparison leads us to conclude that, once initiated in 
an evolutionary sequence, sexuality remained throughout descent substantially 
the same process in normal life-cycles. It may be modified in mechanism, 
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ilS indeed there is i^ood rcasun to st;e lliai ii was; \m h coosisM still jo 
the rusioit of two Cells logelherj hritij^io^, as wo holieve j'encrjilly, and set? 
proved Already in so many rases^ a doubling of die c!lii'{n]ios<inie-j'U] oilier 
as a cgiisequeitoe. Seein;; sexuality of lids nature a oojistantly recurrtn- 
feature in the life-cycle of various defintle jihyla leads lo ilie roneluHion 
that ill those ■[>hyla it was also constant during their (Jescent- Similarly, 
a reduction of chromosome tin m her has been found to be re^^ularly associated 
with normal spore- product ion, and spore-productiori is framd to Ije a 
constantly recurring event in large series of plants. In these it is concluded 
that reduction and spore-production have also been constantly recurring 
incidents throughout the descent of those series. It is hardly right to 
designate this opinion as an assumption; it seems rather to be a natural 
and valid outcome of comparative study. liui if, on the other hand, such 
constancy of the leading events of the lifecycle in any pliylum during 
descent were to be clearly disproved, then it will follow with equal clearness 
that the comparative argument based upon such fl^iets will have to l>e 
revised for that phylum. It may seem hardly necessary to jjut down ;>; 
irxfffiso reasoning which h so obvious; but, on the other hand, it is well 
to see clearly the basis upon which the main argument will proceed. The 
constancy of the events of sexuality and of spore-production in normal 
lifecycles of the several ascending series of green plants is itself the cardinal 
point of the theory to be advanced in relation to the origin of a I„ind-Flora. 
In so far as inconstancy of either of these events occurs in them It will 
be shown that there is good reason to believe such excei^tions to be of 
relatively late origin. 

The further facts which form the basis of Comparative Morphology 
include those relating to the mature external form of the plant, as seen 
in the successive phases of the Individual life-cycle; the internal structure, 
as shown by its anatomical study : the form and structure of the parts 
involved in propagation, and the embryology of the Individual. Such 
facts relating to living organisms are to be read in the light of comparison 
with the fossils, and the validity of any conclusions rested as far as 
possible according to the results of physiological experiment. 

It has been customary from the earliest times of natural classification 
to group together as akin, according to their degree of similarity, those 
organisms which correspond in form. Such alliances, long ago recognised, 
received a new significance in the light of evolutionary theory : the likeness 
thus comes to be attributed to commumCy of descent, the nearness of the 
kinship being held proportional to the similarity of form^ structure, and 
development of the individual. It is essential, however, to bear in mind 
always that this is only an hypothesis, incapable of complete proof under 
present conditions of study* and that the extent of direct evidence as 
yet available is small indeed. It is true that variation in different degrees 
is Widespread; that, whatever the causes or methods involved, new races 
may be* and indeed have been established, which come true in more or 
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less degree after propagation by seed: and that thus the possibility has 
l)een deinoiist rated of origin and establishment of new forms from more 
or less dissimilar parents, t his is not the place to discuss the sources of 
variation : whether It arises by a cumulative summation of slight differences, 
or by mutations p^r or both : nor wiiether the characters accjuired 

during the individual life are or are not transmitted to the offspringj thus 
giving a i>osltive direction to variation : nor yet to consider the effect of 
sexuality, and of the sul^sequent reducing-division of the nucleus in dis- 
tributing the qualities inherited from the parents. It suffices for our 
theoretical position that variations do occur, and that they are liable to 
be transmitted to offspring. The struggle for existence m this greatly 
over- populated world necessarily acts as a sieve upon such variants, and 
though the survival of the fittest is in no sense a positively constructive 
factor in itself, it results ii:i the preservation of what is capable of self-support, 
and the elimination of what is physiologically less efficient. But when 
thus much is granted, it amounts only to this : that living organisms 
demonstrate that such an origin as evolutionary theory contemplates is 
at least possible. It does not necessarily follow that all known forms did 
originate in this w^ay. Still, vve are justified in accepting this view as a 
^'working hypothesis,” much more probable than any other explanation 
hitherto given of the existence of various living forms. 

But though we may readily adopt an evolutionary view, as a tvorking 
hypothesis applicable to organic forms at large, it is when we apply it in 
detail that the real difficulties begin. We contemplate, for instance, some 
group of plants which have essentially similar form, structure, and develop- 
ment : w’e find that they differ in certain details and proportions, and 
that it is possible to lay them out in a series extending from one extreme 
form, through minor gradations, to another extreme form. Such a series 
may be strengthened by tracing parallelism of variations of two or more 
characters. Where this can be done the probability of the series representing 
a real evolutionary line is greatly enhanced. But there are at least three 
ways in which such a series may be read: (i) that the simplest form was 
the most primitive, and the whole series one of progression : (a) that the 
most complex was the most primitive, and the whole series one of r4duction \ 
that the origin was from some central point, and the development 
divergent in two or more direcHons. Any one of these alternatives would 
be compatible with general evolutionary probability. How are we to 
decide w'hich to adopt in any given case? 

The general principle that progress has been from the simpler to the 
more complex gives to the first alternative a prtvta fade probability. As 
a matter of fact this consideration weighed largely in the phylogenetic 
decisions of a quarter of a century ago, and the opinions on the descent 
of Ferns serve as a good illustration of it. Those Ferns which have 
the smallest sporangia (Polypodiaceae, Hymenophyllaceae) were held to 
be the most primitive, while those with larger and more complex sporangia 
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were regarded as more advanced (Osmundaceae^ ^clii/ae;iccar, MaratUaceae), 
But this, which was little belter than an ns^^umpiiont needed to be tested 
on other grounds, such as comparison with other J^ttridophyles^ and 
reference to the results of physiological and pal ae ontological en(]iury. It 
is now pointed out» hrsi^ on the comparative basis,, that the [,e|Hos|jorangiate 
Ferns are isolated from other plants by the simplicity of their sporai^gia, 
and that the link in sporangial character wjili other early types is to be 
found more probably through the Eusporangiate than through the Eepto* 
S[Xirangiaie types* Secondly, it can be shown experimentally that reduction 
of complex:ity of leaf-s true lure follows the shade-habit ; and thg filmy” 
character of the leaf in the Hymenopbyllaceae is probably only an extreme 
case of this, while the smaller size of the individual sporangia shows some 
degree of parallelism with this adaptation t certainly it is so in ttie genus 
Todsii. There is also some experimental basis for the conclusion that 
the thin-leaved habit is a derivative condition following on a shade-habti. 
Thirdly, the Palaeontological evidence shows tiiat w hereas the Eusporangiate 
Ferns were the characteristic Ferns of the primary rocks, while LcpiO' 
sporangiate Ferns were certainly rare, the l^ptosporangiates were in ihg 
ascendant in later strata, and are the dominant Ferns of the present day. 
From such evidence, which will be seen to be convergent along three 
lines of argument, the conclusion is drawn that the general series of 
Ferns has not been one of advancing complexity of sporangial structure, 
but of reduction. This case will serve as an illustration hoiv ihe pritm 
fadt probability of advance may be overruled by the cumulative effect 
of other evidence- As a consef]uence perhaps of such proof of reduction 
in this and other cases, the tendency of the moment among botanists 
is to look with general mistrust upon ascending series. For my own 
[)art, I think this tendency has been allowed too free scope ; the prinm 
fads probability of a series being truly progressive should be kept clearly 
in mind until it is disproved on more exact grounds. 

Wherever a linear series of forms is recognised these two alternatives, 
of the series being an ascending or a descending one, will present them- 
selves. But there is also the third alternative, viz, that the series may 
have been one of divergent development from some central point. I: will 
be apparent that this is in truth merely a combination of the two pre- 
ceding cases, and the lines of argument will be the same, though necessarily 
more complicatedn As a consequence such divergent series are less readily 
substantiated than simple series w^ould be* 

But there remains the still more serious question whether a series which 
may have been laid out on ground of form as a presumable evolutionary 
sequence reflects actually any line of evolution at alL It may be composed 
of members of distinct phyletic lines, virhich have converged m respect of those 
characters which lie at the foundation of our comparison. It has long been 
known that similarity of form may be arrived at along distinct evolutionary 
routes : this is designated parallel, or polyphyletic development, and examples 
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tan readily be found in the vegetaiive and propagative parts of plants both 
high and lower in the scales it may affect not only ihe modification of 
parts already present^ but also the origin of new parts. As prominent 
examples which will be discussed at length later, the polyphyletic origin 
of leaves^ of heterospory, and of the seed-habit may be quoted This 
frequent occurrence of parallel development should serve as a check on 
the too ready acce])tance of conclusions based on mere formal comparison^ 
and it shows that it is necessary to be sure of the phyletic unity of a 
series before sound conclusions can be arrived at from comparison of 
its components. 

It may be useful to quote a specific case of fallacious reasoning based 
on comparisons which are not within one phyletic unity. It is possible 
to compare the sporangia of Caiamosfachys with those of Selagi?ieiiay of 
hoeies^ and of the Hydropterideae, as examples of heterospory : and general 
conclusions might be drawn from such comparison as to the progressive 
steps of the heterosporous differentiation. But these plants are now 
recognised as representing three fand possibly even four) distinct phyla^ 
all of which include homosporous forms. The latter fact indicates that 
heterospory arose after the differentiation of those phyla. Tt is therefore 
impossible to argue correctly from one phylum to another as to the 
course which a common spore-differentiation has taken^ since its course 
must have been distinct in each case from the others. The most that 
can be properly attained is an analogy between the separate progressions 
as seen in those several phyla. 

It is plain then that organic nature is not self-explanatory, and that 
Comparative Morphology is a study beset with pitfalls. There is uncertainty^ 
first, in the recognition of true evolutionary sequences ; still more in 
their interpretation as ascending, descending, or divergent: and again 
in the connecting of these sequences together so as to construct some 
more or less consecutive story of descent : indeed, this can only be done 
when liberal use is made of the imagination, in bridging over the wide 
gaps in the series, which even the kngwn fossils are so far from filling* 
The details of a story thus constructed depend so largely on comparative 
opinion, or balancing of probabilities, and in so slight a degree upon 
positive demonstration that the history as told by competent experts in 
Comparative Morphology may vary in material features. A little more 
weight allowed for certain observed details^ or a little less for others, 
will be sufficient to disturb the balance of the evidence derived from a 
wide field of observation, and consequently to distort the historical 
picture. In the absence of more full “documentary” evidence from the 
fossils there Is in truth no finality in discussions on the genesis and 
progress of organic life* But as long as the human mind has the power 
of and inclination towards enquiry, so long will such discussions con 
tinue, together with their kaleidoscopic changes of opinion. Every new 
fact of importance will in some degree affect the weight accorded to 
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others and vary the ^eiwral result. ]t will he seen in the tiiseuss^jns 
which follow how br^^dy this is so in the inor|)holo|^y of jihints. 

It may be objected that conclusions which are so plastic are little 
better than expressions of personal tastu^ or even of tenij>eraiheni : that 
the study of ComjJarativc Morphology is therefore calculated to dishearten 
its votaries, while the non-specialist public, which is coin|ielled to take 
its information at second hand, \vill be bewildered, and will conclude 
that it is useless to pursue a science which shows so little stability, lint 
even where problems arc apparently insoluble under circumstaTtces of 
present knowledge, it is a satisfaction to most tninds to entertain an 
opinion, even if that opinion be of a theoretical nature, and be liable to 
future modification or ultimate disproof On the other hand, as regards 
the actual progress of morphology, those who follow its history with 
sympathetic care will gain heart when they compare the present [losition 
with that of a generation ago* And especially for Botanists it is encouraging 
to think that it is little more than half a century since the history of the 
life-cycle of a Fern was first completed by Suminsky. In some sixty years 
a vast array of kindred facts has been acquired, and a theoretic super^ 
structure is being raised upon them w-hicb, though still protean, is gradually 
acquiring some settled form. Never in its history has the advance of 
morphological thought been so rapid as at present. Hut in no field of 
mor|,>hological research has investigation been more amply rewarded than 
in palaeophytology : the luminous facts derived from fossils are shedding 
a fresh and a direct light upon obscure problems, such as the origin of 
the seed-habit, and helping us to locate such difficult groups as the 
Psilotaceae and Equisetiueae, When we regard these rapid advances, and 
truly estimate the Influence they bring to bear in strengthening the positions 
already indicated by morphological theory, we shall not only see that this 
branch of the science is very actively alive, but also that its theorisings 
are not merely unsubstantial figments of the mind* 

Considerations such as these go far to justify the statement in the 
present work of a theoretical view of the origin of a Land-Flora. Some 
itiay deem the opinions expressed as unduly speculative, but in the first 
place, they are based upon a wide area of fact, and secondly, as above 
remarked, comparative morphology must necessarily assume a theoretical 
form under present conditions* We have seen that its conclusions as to 
descent are at best the result of a balancing of probabilities. As long as 
this is dearly understood by the reader* and the author abstains from any 
dogmatic attitude, good should come from any duly reasoned statement, 
even though, like the present, it may be of a theoretical nature, A working 
hypothesis, open like others to refutation, is better than no hypothrsis 
at all. This is the position consciously adopted here, for it is believed 
that the full statement of even a speculative view will stimulate enquirv, 
which may lead towards its ultimate proof or disproof. 
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THE LIFE-HISTORY OF A FERN. 

The middle years of the nineteenth century marked an important epoch 
ill the history of Plant Morphology, Before that period this branch of 
botany could hardly be said to exist as a science. What gave distinction 
to that period was the publication of observations which made it possible 
for the first time to give a consecutive account of the various stages in 
the life-history of the Higher Cryptogamia* Up to that time it had been 
the custom to compare Ferns with Flowering Plants, notwithstanding that 
the facts, so far as they were known, gave little support to any view of 
their close similarity ; and to attempt to express the life-story of these 
and others of the lower plants in terms of the higher. But the investigations 
of that period, by following out the actual facts of development, showed 
not only that there was no correlative of the seed in the life-cycle of a 
Fern, but also that there was in the prothallus of Ferns a phase of the 
life cycle which differed in essential points from anything which was then 
known to eUst in the development of Seed-Plants, 

The spores of Ferns were experimentally recognised as reproductive 
organs by Mqrison (1699), who raised young plants from them. But Kaulfuss 
first observed their germination (1825), and the formation of the prothallus, 
which had already been described by Ehrhart (1788)3 it was Bischofif {i&4z) 
who first recognised the embryo attached to the prothallus. Naegoli (tS44) 
discovered the antheridia and sperm at ozoids,. while Suminski (1848) 
ascertained the true nature of the archcgonium, and its relation to the 
embryo. But it remained for Hofmeister to put together, and complete 
the story. In 1849 his description of the germination of and 

SulviMja appeared, and two years later, in 3851, he gave to the world his 
V^rgUufmtd^ Untenuchun^nj a work which dealt in the most com* 
prehensive way with the life-story of a number of Liverworts, Mosses, 
Ferns, Fern-Allies, and Gymnosperms, 

It is impossible to exaggerate the importance of the advance in view 
which the publication of Hofmeister's book brought. I'he middle years 
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of ibo nineieeiith contury were indeed the hemir age of Plain Morphology, 
and the results then attained will always continue to be tlie basis of com- 
parison* as applied to the ascending series of green plants. It musi* 

liowever* be remarked that those results were achieved on a j>urely' comparative 
footing* and at the moment carried no further interpretation with tiuin. 
For these were the days before evolutionary theory held sway in the 
Biological sciences, and accordingly no mulerlying phylogenetic itieainng 
was as yet seen in the facts observed and compared. But eight jears 

later Darwin's Sfsa^s was published, and “ii>e I'heory of ] descent 

had only to accept wdiat genetic morpliology had actually brought into 
view* It is also to be noted that at first no past physiological Itistory 
was traced in the facts of the ii^dividual hfe ; this line of interpretation suffered 
much longer delay, and is even now only gradually becomii^g ajiparent. 
As ive shall see* liow'e^^er* such a ineaning atid such a history n^av still 
be found reflected in those successive phases of the individual life which 
Hofmeister and his predecessors w-ere able to detect and to compare. 

It is along lines such as these that we may best seek for the solution of 

the problem presented by the origin of a J.and-Florp, 

It will then be essential for our purpose* in the first place, to fol low- 
through all its phases the life-history of certain typical organisms, and 
tve shall best begin wuih tlsose which occupy a middle position in our 
system* viz, the Pteridophytes. The common Male Shield Fern 

Rich.) will serve as a familiar, and also a suitable example. 

This Fern is known to every one as growing in woods and hedgerows, 
and even In more exposed situations, such as the open gills and hill-sides 
of higher-lying districts. It presents a robust appearance, and when fully 
developed it consists of an oblique and massive stock, which is relatively 
short: this is entirely covered over by the bases of the leaves, of ^vhIch 
the youngest constitute a closely packed terminal bud (Fig, i). Those 
leaves which are situated further from the apex, and immediately below 
the terminal bud, may in summer be found to be of large ^ht and 
compound structure (Fig. 2); they are of a rather firm texture: individually 
they are in outline not unlike the ancient Greek shield* and collectively 
they form a crown-lIke series surrounding the terminal bud. Passing again 
further back from the apex of the stock, its surface is found to be closely 
invested by the bases of the numerous leaves of former seasons, the 
upper portions of which* having performed their functions, have rotted 
away. Jf the plant be dug up, and the soil carefully removed from it, 
an ample root-system will be seen, consisting of thin, wiry, and dark- 
looking fibrils, which spring from the basal parts of the leaves, and may 
bear numerous branch-rootlets. 

All these parts consist of tracts of tissue differentiated to subserve 
distinct functions. The Vascular Skeleton* which appears as a cylindrical 
network of strands within the massive axis (Fig. i, e, f), throws off 
continuous and connected branches* on the one hand into the leaves. 
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where they ramify and exiend upwards to the extreme tips and margins. 
On the other hand, straiKis of vascular tissue derived from the leaf-bases 
extend Unvards the tips of the rootSf and laterally into their branchlets. 
rhe Vascular System is tlius a connected conducting-system throughout 
the plant ft is embedded in softer parenchymatous tissues, which serve 
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various purposes in xhe different [parts : thus in the young root they may 
be absorbent* or serve to hand on the fluids absorbed to the conducting 
system : in the stem they may serve the purpose of storage of reserve 
materials, while in the leaf the parenchyma carries out the function of 
photosynthesis, together .with the passing on of the supply thus acquired 
to the conducting System. The parts exposed to the air are covered by 
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an opidormal layer* ^vlth a culioulai ised oxiL-nial u-alt* whirli [^jt^vc riis 
indiscnniinaio loss of water by siirfare vv'EiiiorjiU^Jin lUit Uk‘ t jjitU-riTiis 
h perfomted by numerous slomatil, the nwuile guard-ieib of winrii eari 
control, accordio^ to dreumsLanecs^ the ^vldlh of the pores leadiri^^ iiUo 
the intercellular spaces. There Is thus a liighly oriianised veiililalintt 



system. Finally, there are also firm, brown, resistant tissues, disposed 
sometimes near the outer surface, as in the stem and in the leaf-stalk: 
sometimes more deeply seated, as in the root, while in the leaf thej 
follow the course of the vascular strands. These give to the several parts 
increased tneehanical strength, and power of resistance. 

Thus constituted the Male Shield Fern is an organism which is 

capable of leading an independent life on an exposed land-surface: it 

1! 
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k in A iJOJiition W nourish itself hy taking up froim the soil the water and 
salts which it requires, and to elaborate tlicrefrom^ and from the carbon- 
dioxide oT the aiij fresh supplies of organic food, FuTther* though for 
reasons Uj be explained later, it frequent Ij' Is found growing in situations 
where moistttre is abundant and the air moist ; still it can resist considerable 
drought, and is capable of living under as exacting conditions as any 
ordinary teriesirial plant. As ])ioof of thisj cases may be quoted of the 
removal of mature Shield Ferns from a more moist habitat to exposed 
situation Si w'here there is no shade^ nor any special supply of water: 
they are found to flourish there permanently ; but they show slight 
differences of form from the shade plants: the leaves are more robust^ 
of smaller area, and of a paler colour. 

In this power of resisting drought the Shield Fern is by no rneans 
an isolated exception, nor in any sense an extreme type among Ferns. 
It is a familiar sight in this country to see dry hilhsides covered with the 
common Bracken, and taking no harm from a summer drought. There 
is also a small Hritisb Flora of Ferns of dry wall-tops, including such 
species as Palyptidhim Aspkiimm RHiii-m7{rarm^ and C^krach ; 

these may be found sometimes with their leaves dried to crispness in 
summer. Abroad there are certain genera, such as NothoAdaem^ and 
Jmntsmia, and the Niphoh&his section of Fi>iy podium^ which are typically 
xerophytic: in other cases isolated species may show special adaptation 
to dry surroundings \ for example, Hymemphyiimn w^hich is a 

member of a peculiarly hygro phytic genus. I'hese xerophytic Ferns 
inhabit dry climates, such as the higher Andes : or they are epiphytic 
in habit, and have no access to the water-reservoir of the soiL The forms 
w'hich the xerophytic modification may take are succulence of the smooth 
leaf, with well-developed epidermis, as seen in F&iyp&diu^ nttfnmuiariae- 
fidiufn^ and piio$dloide$^ and also in Flatycerium \ or a development of 
a thick felt of hairs may cover the surfaces, as in Niphoboius, Nothochlama^ 
and Jamesojiia : or of scales, as in Fotypodiuin {Ltpky&tis) incanumj or 
Aspknvmi Ctkrach : or there may be a xerotropic folding of the pinnae, 
as in N{ith$(hl{iina uiiuufa and ferntgima^ and in Jarmsonia. There is 
also a very efficient mode of resisting extreme drought which is not 
showm structurally, viz. the power of retaining vitality after drying up. 
A good example of this is seen in Foiypodimti {L€pi£ydis) in^annm^ which 
grows commonly in Trinidad on tree trunks, and there shrivels for weeks 
without rain, under a tropical sun ; but when moistened again It swells, 
and continues growth. Such vitality is shared in some degree by the Ferns 
of our wall-tops, and is a common feature leading to the survival of 
many other plants, notably among the Bryophytes. Such cases as these 
quoted will serve to show that a moist habitat is not always a necessity 
for the life of Ihe mature Fem-Plant, and even that Ferns, as a family, 
show a considerable aptitude for resisting extremes of drought. But never- 
theless most Ferns do affect moist situations, while to some, such as 
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the l^ilniy r-erns of tropicLil forests, an atmospherL- iiLi>|>roac]nnf; r<jni]jle[c 
saturation with moisture is a constant necessity. '\hv Male lArti may 
indeed be accepted as a medium type, showing no special adaptation 
nor susceptibility either to moisture or drought, while structurally ii 
shows such characters as are usual 


in average Land Vegetation. 

With very few* exceptions Ferns 
are perennials, and in the case of 
the Shield Fern there is no theoretical 
limit to the duration of the individual 
life: in point of fact the plant may 
grow continuously for a long term 
of yeats^ as is shown by the length of 
the stock, and the long succession 
of the bases of leaves of former years 
which may be observed persistent 
upon it in the larger specimens. But 
still it is subject to many vicissitudes, 
which are liable to terminate its exist- 
ence. Some provision must be made 
for the maintenance of the race by 
the formation of new individuals* 

The vegetative mode of propaga 
tion in the Shield Fern is by means 
of buds which appear at a late period 
upon the persistent bases of leaves of 
former years. These develop leaves 
similar to those of the parentj with 
roots which form an independent 
system^ so that when the progressive 
rotting, which is always advancing 
from the base of the stock onwards, 
isolates the parent leaf from the rest 
of the plant, the bud is in a position 
to subsist as an independent individual 
(Fig. I, li, c)h This is merely one 
example of what is a very common 
phenomenon in Ferns, viz, the vegC’ 
tative propagation of the individual. 
Ihe details of the process, such as 
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the pmiUQn and the number of buds, may vary greatly i. 
cases (Fjg. 3), but the essential point is the satne, that by 
vegetative growth, and without any ' 


in different 
y a purely 


new individuals may be derived, 
the parent. Such means of incif? 
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of S[](>ro|)l^y(ic biKldiiij^. It iii plain that such growths are only methods 
of timplilu’aiion of the inorphologiral indtvidtial ; though ultimately quite 
st|jarate from the parent [jlanLi, there is no reorganisation of the protoplasts 
involved in their initiation. 

rijere is, however, an alternative mode tif increase in number of 
Individuals, which deals with much larger numbers of potential geriiis, 
and involves a much greater coinplesity of the phases of production than 
the mere sporophytic Inidding : it is by means of Since this 

spore-production is it constant feature in the normal life of all FernSj and 
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indeed of Archegoniates at large, while sporophytic budding only occurs 
in relatively few, there is good reason to believe that this was a more 
primitive and important form of propagation. It therefore demands more 
serious attention. 

An examination of the leaves of the Male Fern will show in many 
cases, and especially in young plants, merely a smooth, rather pale green 
under surface i these are then the vegetative leaves, or fr&phophyihy^ as 
they are sometimes called, and they always appear first in the develop- 
ment of the individual. But other leaves of older plants, and especially 
those formed later in the season, bear on their lower surface, and chiefly 
near their apical part, numerous ^ roundish patches, which are green or 
brown according to age : these are the and the leaves bearing them 
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itre lei'mcd [mt do iioi: difTer in outliiit fTfjiii iht: 

vegetative leaves <Fig. 3). Tht^ son are disposed ui a single linear series 
on either side of the midrib of the pinna, or pinnule, bdng seated on 
the secondary I'eins. J he kidney-like outline which they [jresetJt is 
due to a membranous covering called the indusium. which h proteciive ; 
it is attached by a central stalk to a jirojecting cushion of tissue — tlie 
tecep lade— which is in close connection with the vein^ while there is 
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a vascular extension from the vein into the receptacle. To the latter 
are also attached the numerous sporangia, stalked capsules of lenticular 
fotm, which are collectively overarched by tbe utnbrella-like indusium 
Various stages of development of the sporangia may be found together 
in the same sorus: those which are younger are smaller, and of pale 
colour; those which are mature are larger, and are filled with numerous dark 
brown these showing through the more transparent wall give to the 

ripe sporangium a deep chocolate colour. 

In order properly to understand the arrangement of the parts of the 
sorus It must be cut in vertical section <Kig. 4); it will then be seen 
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how ihe indu slums rRing from tbo receptacle, overaiehes the sporangia ^ 
which are also attached to it by long tlvEo stalks. The head of each 
sporanguim is shaped like a blcoivvex lens : us margin is almost com- 
pletely surroimdcd by a series of indurated cells, which form the mechanically 
effective annulus : this stops short on one side, where several thin^walled 
cells define the stomiuin, or point where dehiscence shall take place. 
Within are the dark 'Coloured spores, which, on opening a single sporangium 
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carefully in a drop of glycerine, may be counted to the number of 
approximately 4S* 

The origin of the sporangium is by outgrowth of a single superficial 
Cell of the receptacle > which undergoes successive segmentations as 
illustrated in Figs. 5 : 1-3. A tetrahedral internal cell is thus completely 
segmented off from a single layer of superficial cells constituting the wall. 
The former undergoes further segmentation (Fig. 5. ii, i^) to form a 
second layer of transitory nutritive cells, called the tapetum, subsequently 
doubled by tangential fission (Fig* 6. 1). The tetrahedral cell which 
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still remains :U the centre, havEng yro^vn meanwhile, inuleryoes sm { cssive 
divisions till usually t^vdve are Termed (^i^^. 6. 2, h, j}: 

these become spherical in form, aiid are suspended in a fluid vvhrcJn 
toi^ether w'ith the now disorf^anised taj^etum, fdk the cnlari'cd cavity of 
the sporangium,. Each spore- nKUher'Cell then divides twice, so as to form 
a group of Tour cells, which constitute a :c/‘on-/i'/rifif 7),, the couijionerit 
cells sliOvTing some dinferent^es in their arrangemenL I inally^ as ripe- 
ness is approached the individual cells of the tetrads separate as the 
each of w’hich has meanw’hile developed a protecting wall ; ow'ing to 
the absorption of the fluid contents of the sporangium the separate spores 
are dry and dusty^ and readily scattered. Since each 
of the 1 2 spore-mother-cells may form fotir S]>ores 
their number is 4x13 = 45 in each sporangium. 

Each mature spore consists of a protoplast with 
nucleus ( bounded by a colourless inner ivali, and 
a brown epispore, which extends outwards into 
irregular projecting folds. 

Meanwhile the wall of the sporangium has 
become differentiated into the thinner lateral walls 
of the lens-shaped headj and the which 

is a chain of about 16 cells surrounding its margin 
(Fig 6. 4//). These constitute a mechanical 

spring, which on the rupture of the thin-walled 
stomium becomes slow-ly everted as ilie cells dry in the air, and then 
recovering with a sudden jerk, throws out the spores to a considerable 
distance (Fig. S), each individual spore being separate from its neighbours. 
If a Fern leaf on which the sori are fully matured be laid with its lower 
surface downwards upon a sheet of paper, and left in dry air for some hours, 
or if the drying be accelerated by heat, a fme brown dust, consisting of 
the mature spores, will be deposited on the paper, and they are slied in 
such vast numbers as to give a natural print of the outline of the leaf 
A rough estimate may be made of the numerical output of spores from 
a large plant of the Shield Fern, as follows. In each sporangium 4S 
spores may be formed: a sorus will consist of fully 100 sporangia, usually 
more: so is a moderate estimate of the son on an average pinna; there 
may be fully 50 fertile pinnae on one welhdeveloped leaf, and a strong 
plant would bear 10 fertile leaves. 4^x100^30x50x10 = 48,000,000. 
The output of spores of a strong plant in the single season will thus, on 
a moderate estimate, approach the enormous number of fifty millions. 

As we shall see^ each of tho.se spores is capable of acting as the starting- 
point of a new individual, and yet Male Ferns are not increasing perceptibly 
in number: the fact is that in open Nature the vast majority of these 
potential germs do not survive the vicissitudes of early life. It is evident, 
however, that the maintenance of the race is very fully provided for, while 
there is an ample margin for the effect of selection of those fittest to survive. 
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In this coniiectiofi it is ive|] to note furthei that tlie spores are produced 
upon the leaves fully exposed to the air, and that dry circumstances 
favour the sheddini; of the spores: J'errts yrown in unirormly moist con- 
ditions show how essential a dry period actually is, for their sporangia 
often do not burst at all. The spores of Tetden and of some Hymeno- 
phyllaceac may even be seeii germinating wittiin the sporangium. Such 
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a condition is obviously of no advantage to the plant, and is to be 
looked upon as a failure iri the normal action of the annulus.^ We thus 
set that a rdafivtly dry peried^ such as the Male Fern is abk ia undergo 
in summer^ is a nor^nal siaie^ and indeed essential for the /a St phase of spore- 
production^ vi%. iiie dissentinaiion cf the numerous Hving germs. 

But the relatively dry conditioi^s which lead up to and are necessary 
for the dissemination of the spores do not suffice for their further 
development : in order that they may germinate moisture is required, 
as it is also throughout the immediately succeeding stages of life. When 
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exposed 10 SUlljil)le conditiitii^ u\' innistunr iitui cju h m i) 

germiii^iler the outtii foai UnU iIr- iniici pmLmdcs iind iol;TcLlS^;^ 

in sue, cell-divisions uppciirin^ as the (Jroi'ceds, ^he hody whir [j 

IS lluis produced is called iho prif^imUns^ anti ii nuiy vary in its [tinti 

according to the circumstances. In average cases of not too cotwdtrd 

culture it usually takes first a short lilamentoiis forn^ atluchctt hy one 

or more rhiitoids to the soil (kig- 9 4): it tlicn widens out ai the ii[i 
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to a spathula-hke, and finally to a cordate form (Kig. 9. 5 and 6). 
is the usual type, but when crowded closely together, the filamentous 
form may be longer retained, and prothalli are then of the type shown 
in Fig. II. I. It is thus seen that the fiirm of the prothallus is plastic^ a 
fact which may be brought Into further prominence by culture under 
various conditions of lighting, etc- 

The body of the prothallus, e\clu5ive of the downward growing rhuoids, 
consists of cells which are essentially alike, arranged at first in a single- 
layered sheet. This simple structure is maintained permartentlv bv tht- 
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tile cdk divide t>y wallsi filial lei to die flaueiicd surfaces of the prothallus, 
aiui tints form a someadiat massive ceriiia] ciishioiu The mature ce)k 
arc thiT^wallcd, '^viih a jn-ri})heral film uf cjiopbsm surrounding a large 
cemrul vaciudc, ami embedding the nucleus and iiumeious chloroplasts. 
'The whole hody is capable of leading an independent existence, nourishing 
itself by ab'^orpiion from the soil, and by pliotosyiUhesis (Fig^ lo)^ 
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Its Structure at once suggests dependence on a continuous and efficient 
water-supply ; for there is a large proportion of surface to bidkj wltile the 
cell-walls are thin„ and the vacuol e-con ten Is voluminous. There is no 
arrangement to offer serious resistance to evaporation of water in dry ain 
As a matter of experieiice prothalli shrivel readily when exposed to dry 
conditions, while in Nature they are regularly found in moist and protected 
positions ; a fact which goes far to determine the habitat also of the 
sporophytes which arise from them, and this cannot fail to act as a 
substantial check upon the distribution of Ferns. But shrivelling under 
drought does not necessarily involve death ; in certain cases at least only 
a temporary arrest of activity is the consequence, and prothalli which have 
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been thus dormant for a romideralik' tiino liavc t>een seen in revive 
when soaked ouU and lo coniiiiue theiir growUii, I'hey share ii^ stmu; 
meiisure Uuit faculty wliieh is so important to many liryophyta^ of recovery 
after dormancy under drotight, Con’i(>arine the j>rothallus with the Kern 
Plant as regards the watcr-relatioi\ ii is plainly less adapted for life on 
exposed land-siirfacesj and more immediately dependent (jn moisture. 
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The prothallus thus constituted is capable in some cases of vegetative' 
propagation^ by gemmae^ arjd other forms of gametophytic budding,” 
but this does not occur in the Male Perm 

Though the close dependence on moisture for functional activity is 
thus seen in the prothallus, it is much more obvious in the behaviour 
of the sexual organs which the prothallus bears. These in the Male Shield 
Fern i are commonly borne, male and female^ on the same individual 

'll is liftHily ngcc^sary to lhal ihe "MaJc” Fern is a mif^noivigrp surviving fmm 
the misconceplions of t:ar|ltr Umca. The Fern- PI am is neutral, being neitlier male nor 
kinale^ while it is on the prothallus ihal ihe sexual organs are borne. 
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fi'igr to) ; hut conditions of crowded culture may lead towards a partial^ 
or uver^ com|>lcte scparatiTjn of the se.\es. J'hf; flattened hermaphrodite 
prothalUis of the ordinary cordate outline, grown under normal circumstances 
of moisture and moderate lighting, on a horUontal substratum, lies with 
one of its flattened surfaces facing the substratum, and produces upon 
that lower surface antheridia and archegonia, the former in the basal or lateral 
regions^ the latter u|>on the massive cushion t here they develop in acropetal 
success ion j the }'oungesi being nearest to the einarginate apex of the 
thallus, I his position of the sexual organs is evidently favourable to 
their continued exposure to moist air, or even fluid water: and iitdeed 
the latter is necessary for the completion of their functiom 

The antheridium, which arises by outgrowth and segmentation of a 
single superficial cell, consists when mature of a peripheral wall of tabular 
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cells, surrounding a central group of spermatocytes (Fig. i j. 4* 5). The 
antheridium readily matures m moist air, but does not open except in 
the presence of external fluid water: this causes swelling of the mucilagiivous 
walls of the spermatopytes^ and increased turgor of the cells of the wall i 
the tension is relieved by rupture of the cell covering the distal endt 
and the spermatocytes are extruded into the water, the cells of the wall 
assisting by their swelling inwards, and consequent shortening (Fig* u. 6), 
The spermatocytes, thus extruded into the water which caused the rupture, 
*soojr show active movement, and the sperm atozoid which had already 
been formed within each of them escapes from its mucilaginous sheath^ 
and moves freely in the water by means of active cilia attached neat one 
end of Its spirally coiled body (Fig* ii* 6 and S)* 

The archegonium also originates from a single superficial cell, and 
grows out so as to project from the downward surface of the thallus* It 
Consists when mature of a peripheral wall of cells constituting the 
projecting neckj and a central group^ arranged serially: the deepest seated 
of these is the large ovum, which is sunk in the tissue of the cushion, 
and above this is a small ventral-can al-ceJl, and a longer canal'cell 
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and they will then remain cloaedj and fertilisation will be impossible; but 


if watered from above, as the}^ would be 
the external fluid water will bathe them, 
and rupture will result. This may be 
observed in living archegonia which 
have been kept relatively dry, and then 
mounted in water under the micro- 
scopes the neck dehisces at the distal 
end owdng to internal mucilaginous 
swelling, and its cells diverge widely: 
the canal-cdl and ventral canabcei I are 
extruded, and the ovum remains as a 
deeply seated^ spherical protoplast, while 
access to it is gained through the open 
channel of the neck (Fig. la, h), Thus 
the same conditions lead to the rupture 
both of the mate and female organs: 
in Nature a shower of rain would supply 
the necessary external fluid w-ater, and 
Would at the same time supply the 


in the ordinary course of Nature. 
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n^edium of transit of the spemiato^oids to the ovum. But the movements 
of the spermatozoids are i^ot stihject to blind chance : the chemiotactic 
attraction of the archegonlum directs the spermatozoids through the water, 
towards the open neck^ which tliC)' ma}' be seen to enter, and finally one 
of the spermatozoids coalesces with the ovum : fertilisation is effected 
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by the absorption of the male nucleus in that of the egg (Figs. 13 
and 13 its). jytus presenct ^xitrn&l Jin id water is essential f^r the 
pr^tess of JertUisation c witiiout it the prothaiius is unable f& achieve that 
object of its existence. 

The consequence of fertilisation is the growth and segmentation of 
the ovum, or zygote, as it may now be called, to form a mass of 
embryonic tissue* which at first remains embedded in the tissue of the 
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parent tballus as ii leal^ stem, and njdl l^'romo 

differentiated (t^is^. 15), whiLh fmEillj' einerj^t'; at lirst tlie tanljrycj I'Lni 
Plant js dependent for its iMMirislnneni upon the pi'otlialliis which c]iihc<is 
it; but as the first leaf exfjitiids il begins to exercise the assiniiLuing 
function, which is taken up also hy the later formed leaves. I’he first 
root also projects into the soil, and sooti functionates as an ahsorbing 
organ : it is followed later hy others. Thus the 3'outig plant soon 
becomes physiologically independent of the prothallus, which rots away, 
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leaving the young plant established on the soil. It gradually attains the 
mature characters similar to those of the parent from which it originated. 

The above is a bare statement of the salient events in the lifecycle, 
or ontogenetic period of a Fern, as it is seen in its simplest form : and, 
the adjoining diagram may serve to present them graphically to the eye 
pig. 16). The two most notable points are those where the new 
individual is represented by a single cell, via. the spore, and the 
fertilised ovum, or zygote. These are two landmarks between which 
intervene two more extensive developments, on the one hand the sexual 
generation, or prothailus, on the other the spore-bearing generation, or 




THE LIFK-HISTORV 01^ A FERN 

]'e]n-ria]>L ir the events above detailed recur in regular succession 
there wilt be seen a regular aiiernation of two phases of life, or generations; 
of these the one, the piothallus, bears the sexual organs, which contain 
the sexual cells or gametes, and it may accordingly be styled the 
^amehphyte : the other, the Feri;i- Plant, is non-sex ual or neutral, and bears 
the sporangia, containing the spores : accordingly it may be styled the 
s^i^ri^phyk. The study of Ferns at large leads to the conclusion that this 

regular alternation of generations 
is typical for the family. These 
two alternating generations differ 
not only in form, but also in 
their relation to external circum' 
stances, and especially in the 
water-relation, I'he sporophyie 
is structurally a land-growing 
plant, with nutritive, mechanical, 
and conducting tissues, and a 
’icntilating system : not only is 
it capable of undergoing free 
exposure to the ordinary atmo* 
spheric conditions, but dryness 
of the air Is essential for the 
final end of its existence, vis;, 
the distribution of the spores. 
On the other hand, the gameto- 
phyte is structurally a plant 
ill- fitted for exposure, with un- 
differentiated and ill-protected 
tissues, and no ventilating 
system, while the object of its 
existence, viz. the fertilisation 
carried out by the sexual organs, 
can only be achieved in the 
presence of external fluid water. 
There is thus a marked difference between these two phases, and their 
sequence may be said to constitute an aniiihttk aii&r nation. As regards 
the water-relation, the whole life-cycle of the Fern might not inaptly 
be designated as a nip Akims, since the one phase is dependent on 
external fluid water for achieving its object of propagation, while the 
other is independerit of itn 

It will be seen in the next chapter that this is not a condition for 
Ferns alone, but that such alternation as is seen here has its parallel in 
many other plants, though with great differences in detail, and especially 
in respect of the balance of size of the two generarions. 
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CHAPTER HI. 

ON THE BALANCE OF THE ALTERNATINti GENERATIONS 

OF ARCHEGONIATAE, 

Ho lister’s great work on the Higher Cryptogamia, alluded to in the 
previous chapter, was not a mere description of observations, but a cotn^ 
parative treatise. It not only revealed the life-stories of the various t^pes 
of plant-organisation which he examinedj but in it he also showed that 
their several stages corresponded in essential features. Notwithstanding 
wide differences of detailed form and of proportion^ it was demonstrated 
that* as regards position among the recurrent events of each life cycle, 
the neutral generation, or sporophyte, and the sexual generation, or 
gametophyte, remained distinct and recognisable in such diverse plants as 
the Bryophytes, Fieri do phytes, and Gymnosperms. In arriving at this 
conclusion it was Hofmeister's great merit that he kept his eye securely 
upon those critical points where the individual life is represented by a 
single cell, vi^. the zygote, and the spore. However differing in size or 
in complexity, he held as comparable, or, as it is said, hornologous,” the 
phases which intervened respectively between those two events. This great 
generalisation of Hofmeister, stated by him with a brevity and a simplicity 
of language as remarkable as its content was new and far-reaching, has 
formed the essential foundation of all subsequent morphology of Archegoniate 
Plants. A series of examples will now be quoted in illustration of it, and 
these will be selected to show the differences in form and in the relative 
proportions of the two generations ; but it will not be necessary to enter 
into a continuous account of the life of each example, for with certain 
modifications the essentials of sexuality and of spore-production remain 
the same in them all. 

In one of the simplest of the Liverworts, the gametophyte, or AVfda- 

plant, as it is called' on account of its being more prominent than the 
sporophyte, is a green, dichotomously branched thallus, showing localised 
apical growth, while it is thick in proportion to its area: some species float 
on water, others are attached by rhizoids to the substratum of soil. The 

c 
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only appe[Klag4?s othtrr tlun rhimids and occasional hairs are small flat 
scales borne on the lower siirface. 'J'hc gametopbvte is thus of very simple 

form (Fig. 17). The seTiual organs are borne 
in aciopetal succession on its upper surface* 
and are sunk in depressions. The sporophyte, 
which results from fertilisation of the ovum by 
Hperniato;?oidB motile through water as in Ferns* 
is a small spherical bod3^ wuth no distinction 
of apcj: and base (Fig. iS). It consists of a 
single la3^er of cells forming a peripheral walk 
which is, however, disorganised before the 
ripeness of the spores. The latter are pro- 
duced by a tetrad division of the spore-mocher- 
cells* wliiich occupy the whole internal space of 
the sporogonium (Fig. tSa); on germination 
the spores yield fresh gametophytes. Thus the 
two generations are here as distinct from one 
another* structurally and in origin, as in the 
Fern* though both are of smalt size and simple form. It is to be 
noted, however* that the sporophyte is throughout its life dependent 
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upon the gametophyte* both mechanically and physiologically, and that it 
is an almost entirely undifferentiated* spore-producing body. 
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Taking Cafharhien undultUa Wclj^ hticI Mohr, as aiT cxainplc of iIr- 
condition commonly seen in Mosses, the gametophyto and spoiophyle arc 
both on a more advanced scale than in and both ^hwv localised 

apical growthj but their relations remain substantially the same. 'Die “ Moss 
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Plant," or gametophyte (Fig. 19) appears as an upgrowing, branched, and 
leafy structure, attached to the soil by numerous rhizoids, and nourishing 
itself partly from materials absorbed by them, partly by the activity of 
its chbrophyll-containing shoots : it is thus physiologically an independent 
organism, as is also the simpler thallus of J^ka'a. In most Mosses the 
plant h ill protected against drought ; but they commonly show, as a set 
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off aj^airiiSt this, a remarkaljle power of recover)' oo the return of moisture 
after being dried up* The soMial origans are ustially borne by the Moss- 
Plant at or near to the apex of Sts upward-growing branches. The result 
of fertihsation — here again carried out by spermatozoids motile through 
water— is die formation of the Moss-Fruity or sporophyte, which is 
throughout life a mere appendage on the Moss-Plant. At first it is, 
like that of J^iccia^ completely enclosed by the venter of the archegonium 

(Pig, 3o); but it soon shows apical grow^th and 
elongation : the venter is then ruptured trans- 
verselyy and the sporogonium is exposed* As 
it elongates its base remains embedded in the 
tissue of the Moss-Plant : its apex is still 
covered by the upper part of the archegonial 
wail, the calyptraj but at ripeness this is shed, 
and the enlarged capsule on dehiscence is able 
freely to scatter its spores. After this the 
ephemeral sporophyte dies away. 

Comparing such a Moss with Rkda^ the 
phases of the life-history correspond, but their 
elaboration is diEferent : the thalloid gametophyte 
of Ricdii is replaced by the upright leafy plant 
of Caiharima. The fertilisation is still dependent 
on fluid watery but its product is more complex : 
there is in Catho-rima a distinction of apex and 
base, with localised apical growth ; but the form 
is still relatively simplCy the whole constructior^ 
being on the radial type, without appendages. 
The spore- production is restricted to the upper 
region, and takes place in one continuous sac. 
The sporophyte is still borne and nourished 
throughout its life by the parent gametophyte ; 

chlorophyll-containiog cells 
photosynthesis in some degree, as 
an accessory to the supply derived from the 
parent It has a ventilating system like that characteristic of aerial 
plantSy while this is absent from the gametophyte. 

A comparison of such a Moss with a Lycopod shows a different 
balance of the two alternating generations. The gametophyte of 
podium iernuum is shown in Fig. as a somewhat massive structure, 
bearing lobes of chlorophyll-containing tissue above* which have sometimes 
been compared with the leaves of a Bryophyte : below it is attached by 
rhizoids to the soil. Like the Moss it is an independent organism capable 
of self-nourishment. It bears its sexual organs about the bases of the 
lobes, and Is dependent upon external fluid water for its fertilisation. 
Notwithstanding its massive bulk it is without a ventilating system. The 



[N LYCOraDS 


.W 

sporophyte of Z. oit I lie othCT handt is a dendroid jiLnU, 

which may attain a height of even 3-4 feet (h'ig^ 23)- In ihe eitiliryu 
state it is nourished by the gametophyte winch bore it, but it soon 
establishes itself independently \i\ the soil as a mach- branched jdant, 
with relatively massive axes showing localised apical growth ai>d mi inert ms 
small leaves; while true rootSt not mere rhiiioidsj ramify in the soil. 
The whole plant is traversed by a vascular system^ and there is also an 
efficient ventilating system* This ample vegetative development precericM 
the formation of the spores, which is localised in the terminal stroblli : 



these do not differ in general plan from the vegetative shoots, but in 
the axil of each leaf of these fertile branches a single sporangium is 
borne, containing many small spores, which are all alike (Fig. 22 d, e). 

The gametophyte of Lyi^podium is among the most elaborate known 
in Vascular Plants: and yet it falls short of the complexity seen in the 
plant of Catharima. It is clear that the two correspond from the fact 
that they both arise firim spores and bear sexual organs. On the 
other hand, the proportion of the sporophyte, as well as its conformation, 
differs in high degree in the two plants. In place of the dependent 
and ephemeral sporogonium, with limited apical growth, without appen- 
dages, and bearing a single terminal capsule of spores, as in the Moss, 
Lycopodium shows an independent and perennial plants with apparently 
unlimited apical growth and numerous appendages: it is rooted iiv 
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tlie sollj :inci capable of complete scIf-nourlshmcEit for aji cMeiuli.d 
period before the produciioi; of spores- Mcireovcr^ these air prcicUirrcl^ 
not in a single sac, as in the Moss, hut in very niimersjus dislincL 
sacs — the sporangia^ These essential clift’erences of the sporoj^hyiu arc 
those which clearly define the Bryophyles from the l^teriilojihyics. In 
the latter the mature sporophyte is always a fret-growing organisnu and 
a considerable vegetative period usually precedes the formation of the 
spores. 

Referring back to our observations on the Male Fern in the previous 
chapter, It will be seen that these remarks apply there also. 'I'lie iimsi 
obvious difference between a Lycopod and a Fern Is in the si^c of the 
leaf; but they correspond in all essentials, 
and both show a very marked advance 
of complexity of the sporophyie over the 
Bryophyte sporogonium. On the other 
handt the prothallus of the Fern is a 
snraller and simpler thing than that of 
Z- and stands thus in still 

stronger antithesis to the leafy plant of 
the Moss. Putting all these points 
together, it is plain that in the Pierldo- 
phytes the balance in size of the 
generations is inverted as compared with 
that in the higher Bryophytes. 

in all the Bryophytes, and also in 
many Fieri do phyies, the spores are all 
alike* and of small size, as we have seen 
them to be in N^phrodium and Lyco- 
podium \ this is described as the 
** homosporous ” condition, and it may 
be accepted as a primitive state. But 
in certain other Pteridophytes, and in 
all Seed-Plants, the;e are two different types of spore the relatively 
small spore, which is easily transferred when shed, and produces a small 
male prothallus ; and the large spore which, though less easily transferred, 
develops within it what is so important to the progeny — a bulky female 
prothallus stored with nutriment. This store is derived from the parent 
plant, and is thus ready to supply the young immediately after fertilisation. 
The " heterosporous " condition brings a clear advantage, notwithstanding 
that the separation of the sexes on different prothalli increases the obstacles 
in the way of fertilisation being carried out. In certain cases the two 
types of sporangia and spores start their development alike, and only 
differentiate in the later stages ; for this reason, as well as on grounds 
of general comparison, the heterosporous state may be accepted as the 
later and derivative. From the example of Se/agifie/h it will be seen 
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continued apical growth and terminal strobili. These are constructed 
essentially upon the Ji^ycopodinous plan, but instead of the sporangia 
being all alike, some corLtain numerous small microsporeSj others contain. 
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only four, large megaspqres. In both cases these result, like other spores* 
from a tetrad division : the chief diflTerence is in their size (Rigs- 2 j, 24 ft). 

But though the sporophyte is* essentially unaltered, the changes in the 
gametophyte which accompany the heterosporous state are important. The 
prothallus is no longer a free-growing, self-nourishing organism* but it 
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tends to beco^mc, and often actually is, n. mcire muans of vnirkin;; 11 1> ttie 
material stored in the mature spore into gametes and an eml»ryo, and 
does not possess any functional vegetative system. This is L'semjjliried 
Figs. 25, 26 of which show the contents of the germinated 

microspore developed as little more titan an antheridium* In Fig. die 
wall of the spore is ruptured, and the contents are ready to he extruderl 
as numerous spermatozotds. Fig. 24 a shows the megaspore with the 
female prothallus within it, bear- 
ing an archegoniuni. Fertilisation 
takes place as in Ferns through 
the medium of water. The ovum 
after fertilisation forms the embryo 
which remains for a time embedded 
In the prothallus: but later it bursts 
through, and establishes itself as 
the independent sporophyte. 

In many heterosporous plants 
the germination takes place after 
the spores are shed, just as is the 
case in homosporous plants. But 
in others germination of the mega- 
spore may be initiated or even 
carried through within the spor- 
angium. This is the case in 
Se/ngiml/a apus (Fig. 24), in 
which it is evident that, even 
w'hen the sporangium has not yet 
opened, the prothallus may be 
well advanced in the megas pores. 

Fertilisation may be carried out 
within the sporangium after its tongiuiJinai of the ovuiu 

^ o .>t tini4 or i^-tELLt^ziEiuii:. x^. t', 
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from adjoining microsporangia, 

and the embryo may be developed while the megaspore is still within 
the sporangium. It is no great step from this condition to that seen in 
the Seed- Plants, in which the megaspore^or embryo-sac as it is called 
in Seed-Plants — remains embedded in the tissue of the megasporangium 
or ovule (Fig. 27). The physiological advantage gained by this step is 
an important one : there is no longer any need to hurriedly pass the 
nutritive supplies into the spore before its wall, iliickened for protective 
purposes, stops the process of transfer; for in the Seed-Plants the wall 
of the megaspore, no longer needed for protection, remains thin, and the 
nutrition of the female prothallus can be continued until long after ihe 
embryo is initiated within it. 
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J’hese points [tre ilKistrau^d in the Gymnosperms, which the positive 
evidence of the j^eoiogical record shows to have been the primitive Seed- 
riatns. Since the time of J-iofmeister comparative morphology has arrived 
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at the same conclusion, though along a distinct line of argument* Taking 
examples from the Pinaceae* the sporophyte is represented by the Tree, 
which is a large, much-branched, independent, and perennial Organism, 
with theoretically unlimited apical growth^ and a highly differentiated 
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system of root and shoot. A long vegetative period precedes the spore- 
formatiotin I'he jsporanyia are no longer alike as in hut difier 

widely in form and position, and are located on distinct male antt female 
strobilL The microsporiingia^ or pollen-sacs, produce after the usual tetrad 
division the niicrosporest or pollen-grainsi winch are shed at mattirity 
The male protiiallus which thc)^ produce is [lEirtly formed on the parent 
plant, partly after shedding, and is restricted merely to a few cells (Fig. 2^). 
Typically the megasporangia, or ovules, develop each otdy a single mega- 
spore — or enibryo^sac as it is called in Secd^Plants — and within it iliere is 
at the period of fertilisation a massive female prothallus^ bearing archegonia 
{Fig. 27). Since the male and female sirobili are distinct, it is necessary 
for fertilisation that the microspores, or pollen grainy, should be shed; 
but no independent vegetative thalliis is produced from them ; the pollen 
grain, landing on the ape.’^ of the megasporangium, forms a pollen tube or 
siphon, which penetrates the sporangial wall, and by its means the non-motlle 
male cells are transferred to the ovunu 'Fhe essential 
point of fertilisation is the same as before, but the 
means are different. The dependence on external 
fluid water, characteristic of all Pteridophytes, is 
dropped, and the siphonogamic method of fertilisation 
may be held to mark the distinctive terrestrial habit. 

But as a lately acquired proof of the justice of 
Hofmdsteds comparisons, the fertilisation by a motile 
sperm atozoid is still retained, in a somewhat uiv 
practical form, in certain primitive Gymnosperms, 

Cycadaceae, and Ginkgoaceae. The nursing of the 
embryo in the female prothallus, or endosperm, 
foUow^s in the Pine on essentially similar lines as in 
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Se/agi?it//s, also the final germination to establish again the independent 
sporophyte. 

Lastly, in the higher Seed -Plants, or Angjosperms, which Palaeontology 
indicates as of later origin, the outline of the life-cycle is as in the 
Gymnosperms, but with still further reduction of the prothallial development 
in the pollen-grain (Fig. 29). Fertilisation is of the terrestrial siphonogamic 
type. 'I'he embryo-sac remains like that of Gymnosperms embedded in the 
tissue of the parent plant : it contains before fertilisation only an exiguous 
tissue- development, the ejtact homology of which is still a question in 
debate (Fig, 30). 


The above sketch illustrates the general trend, though probably not 
the exact course* of evolutionary progress in the Archegoniate series. But 
^ it is necessary to remark that the examples selected do not form any actual 
phyletic sequence : of them all no two (excepting Lywpodium and Scia^hniia) 
belong to a single recognised phylum. The general result of their com- 
parison is therefore a history read between the lines. But, with this 
proviso, the following conclusions may be drawn from it, as to the 
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prctective wall ol cells: it is depeiulcni through life upon \hii guiuci<jph>'U.% 
and results in a limited itumbcr of spores. In more eonip]e?i Jiiyophyies 
it is still short-lived and dependent but larger^ with distinction ol ape\ 
and base, a brief apical growth, and a basal vegetaiive region distiiH i 
from the terminal capsule : there is entire absence tif appendages, but 
a partial differentiation of tissues, with internal ventilating system and 
some assimilatory tissue. The spore-production is on a larger scale, liut 
limited usually to the simultaneous development of one contlnuoiui 
spore-sac. 

In the Pteridophyies the mature sporophyie is an independent^ self- 
supporting organism ; but it is dejieiident in youth upon the [larent 
prothallus : it is commonly perennial It- has theoretically unlimited 
grow'th of axis and root; the appendages varj" greatly in size: there is 
high differemiation of the tissues, with an elaborate ventilating system; 
the plant thus constituted is capable of complete and continued self- 
nutrition. The Spores are produced after a more or kssj prolonged 
vegetative fphase, and in perennial forms their production may be 
continued for an unlimited succession of seasons. They are borne 
in separate sporangia, which are commonly seated upon the appendages ; 
the sporangia themselves are frequently produced in a continued succession. 
These arrangements are such as to lead to a high and even long-continued 
output of adequately nourished spores. The sporangia are frequently 
restricted to certain shoots* in which the parts are closely aggregated ; 
these are termed strobili. 

The heterosporous state Heen in all the highest Vascular Plants, 
introduced advantages conducing to certainty in nursing the embryo, and 
led in Seed-Plants to an infinity of special developments which secured 
that transfer of the microspores which is so necessary for fertilisation. 
But the essential plan of the independent* self-nourishing Vascular Plant 
Cnee laid down w^as not departed from, even in the highest forms. 'Phe 
sporophyte, thus sprung from, small beginnings, remains the dominatit 
generation in all distinctively terrestrial plants. 

The entire inversion of the balance of the two alternating generations 
thus briefly sketched — the dwindling away of the one and gradually 
achieved dominance of the other— is a fact w-hich requires some 
physiological explanation. \\^e may be sure that such things do not 
happen without good reason. It will be our object kier to enquire into 
this. Meanwhile we recognise the fact itself, and we shall see in the 
comparisons which lead to its recognition an enduring monument to 
the genius of Hofmeister who first pointed them out* 


CHAPTER IV. 


CVTOI-OGICAL DISTINCTION OF THE ALTERN.ATINC 
GENER.ATIONS OF ARCHEGONIATAE. 

Alternation is thus found to be a general phenomenon for Archegoniate 
Plants. It was at first recognised chiefly on the basis of the propagative 
organs which the alternating generations respectively bore, and the dis- 
tinction was confirmed on grounds of external form and of anatomical 
structure. The two p liases, however^ presented no very strict criteria by 
which they could with certainty be told apart. As regards external form, 
a foliar development was found to exist in the sexual generation of the 
Bryophytes, and again in the neutral generation of Vascular Plants : and 
however strongly it might be urged on grounds of detailed cotuparison 
that these were distinct in origin, and therefore only analogous, still the 
fact that foliar development exists in them both showed that externkl form 
did not constitute a strict criterion. As regards anatomical structure, the 
presence or absence of vascular tissue, and of intercellular spaces appeared 
at first to give a ready distinction ■ but a better knowledge of the anatomy 
of the larger Mosses showed that they also contain conducting tissues closely 
analogous to the vascular strands of Pteridophytes. Again, It is a fact 
that there is an ample ventilating system in the sporophyte, and that 
intercellular spaces are generally absent In the gametophyte; but in the 
leaves of certain Filmy Ferns there may be no intercellular spaces through- 
out considerable tracts, while the statement for the gametophyte Is one of 
those negative statements which are at any time open to reversal. Even the 
production of the characteristic organs of propagation, and the transition 
by spore or zygote from one generation to the other, is not so absolute a 
distinction as was once thought; for first apogamy, and later apospory 
were discovered* and It was thus seen that a vegetative transition might 
take place from either generation to the other, without the critical Incident 
of production ^of spore or zygote intervening as a limit. The climax of 
these difficulties in definition of the two generations was reached when 
Lang described, in 1S96, how in certain Ferns sporangia might be bornfr 
directly upon the prothallus itself. 
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This absence of strict criteria distingLiishirig the I wo alternating^ 

generations of Arcbegoniate Plants has given rise to much discussion^ 
and the difTerences of opinion have centicd round the £|uestion of their 
origin. ^Ve^c the two geneiations distuict a/f or were they merely 

phases differentiated from a common source? Under the 'Miomologoiis 
theory of alternation the two generations were held to have been similar 
in origin^ and the alternation to have originated l>y a secondary tnodibcation 
arising In a pre'existent and independent organisation. The adherents <>l 
the "antithetic” theory held that the sexual generation was pre-esisterUj 
and that a new organisation arose, derived by amplification from the 
zygote : the sporophyte was thus originally not a result of change in a 
pre-existent organisation, but it arose as a newly expanded phascj distinct 
in its origin from other phases of the lifecycle. The difference of opinion 
entailed in these two theories is essentially one of history, and of method 
of origin. 

In the absence of strict criteria of distinction, such discussions are apt 
to be long and inconsequent. It seemed accordingly to be a welcome 
advance when facts were gradually disclosed, showing that a cytological 
difference exists between the two generations. This appeared to raise 
the whole doctrine of alternation in Archegoniate Plants to a higher plane, 
and to relate the origin of the two alternating phases intimately with the 
existence of a sexual process. In order to understand the nature of 
this new criterion of distinction it is necessary to be acquainted with 
the main features of nuclear division. When a nucleated vegetable cell 
divides, the nucleus takes the initiative, and goes through a series of phases 
as shown in Fig. 31, which is quoted from Strasburger, to whom the 
discovery of the details is chiefly due. Without describing these at 
length it may be stated that the chromatin, that constituent of the nuclear 
body which stains most deeply, distributes itself in the Unm ; the body 
thus formed changes from a network of fine fibrils in the resting nucleus 
(t) to a thicker convoluted thread, which then divides transversely into 
segments — the chromosomes (3, 4). These segments then divide longitudin- 
ally (6, 7, S), and the halves of each, separating from one another, pass 
to the opposite poles of the nuclear spindle, which has meanwhile been 
formed {S, 9, 10): they there reconstitute the chromatin^system of the 
two new nuclei (10, 11, 12). An essential part of this process is found to be 
that the number of chromosomes is definite, and though in different plants 
and groups of plants it may vary within wide limitSt still in the species 
or individual the number is (with some exceptions) strictly maintained. 
But this is so normally only in the cells of the one or of the other 
generation ; for it has been found, in cases which are constantly becoming 
more numerous as observations extend, that there is a numerical difference 
In the chromosomes of dividing nnclei in the two altetoaiing generations 
of the same plant : in the sporophyte the number is twice that in the 
gametophyte: the former has accordingly been styled the "diploid,” the 
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taiitr the “ haploid ’ phase. It hajjpens that the facts are more readily 
observed io inos( Seed- 1^1 ants than in Pterldophytesj owing partly to the 
greater sisce of the spindles^ partly to the ninnber of the chromosomes 
being smaller than in most of the Archegoniates. ^Accordingly vtre have 
the record of the ntmibcrs from over 6o Seed-PlantSs showing with remarkable 
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threa-d-s and the ccll-pl.'iift are betng formed. In i-s iht completion, cf iht septum. 
^ about 6oOk (After Sem^burger,} 


constancy that the number of chromosomes in the dividing nuclei of the 
sporophyte is double that in 'those of the gametophyte. Common numbers 
are 32 : 16—34 ■ — 16 : S ; while they run as low as is : 6 or 6 : 3, and 

as high as 64:32 or 96:48. 

Records from the Gymnosperms bring evidence of the same difference 
betAveen the two generations in various species of etc. Among 

Pteridophyte.s it has been observed in such Fetns as Osmunds ^ Ahophila, 











P^nvn-muther'cekLE of A \r\\y in Covrste or^ivisign, icnte^vliiAt dlincrAin)ifu.tlc. i. Mciti^rr 
ctll with rEiiiii]:' rtuiileu^. i 'llic tff the thr-onstMflmes. 3. 

4. Dciubk Ehrcads a.1fcidy luj^inciin^ la i^aaLc^Cier 2- Tli^ derived frotn ihe. 

coale^cenl clo-ubte-lhTcadi apjjircntly n single Thread, h. Suti^tciLiei^l separation uf 
ihe threads 7. The spirenr trimsversely segmcntcc^ donhltr chrchnurjunne^. ^ Pialkrncsis. 
4^ IniiraEiAtt of spdudle- SpiinJk of rh« moth-er-riiicLeuij ihe flutlejir pliiu 

co-mposed of daubL-rrchromoEiiifncSj ti. KEdutiEdn^divisirm, the t^eparatiTTg cbraindtignits 
^howiTiK 3 ^ pFtrliBl tepaiatian of ihcir l^ongitiidLoal haJvc:^ la^ Formiilion oF daughur- 
Mucleb The lon^ilvdiual halves, of ihe chromodomcH (^Jaughier.ehrnrno^HonieH} art 
dihpo^d tn :he nuclear BpindleB connecied in pairs, 14. l>auehTer-nuK;lear'Ap3ndlcs. 
15, SepaTstion of the danghlcr chromosomes, ifr. Formation of the nuclei of ihe second 
Eeneraiion. jt. al^ut $00. f After Strasburger.) 
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El lid vjirEous Polypodiaccae. In the Bryophytes, the earliest case described 
was thaL of Pi^Uax)khua investigated hy I'armer, witli four chromosomes 
m the gametophyte and eight the sporophyte i and the same relation 
between the generations has since been found also in otlier genera of 
LiverwortSH In Mosses few observations have yet bee it made, but Mr^ 
x\L ^Vilson has found that in Minium horiuim the numbers are 6 and 12 
respectively in gametophyte and sporophyte. Accordingly the difference 
in chromosome-number may with high probability be held as a general 
diagnostic feature between the two generations in normal representatives of 
the Archegoniate series. 

This being so, the recognised limits between the generations rvill 

naturally be expected to be the points of transition from the one chromosome- 
number to the other. Now it is found that when the sexual fusion of 
the two nuclei takes place, the subsequent divisions of the fusion-nucleus 
show the doubled number of ebromosomes ; therefore the zygote will be 
the one limit, and this is in accord with the old distinction of the 
generations dating from the time ol Hofmeister. In his practice the 

other limit was the spore, since this is the actual body separated as an 
independent germ. But it is found that the actual reduction of the number 
of chromosomes to one half* that is, to the original pre-sexual number, lakes 
place at the tetrad-division of the spore-motber-cell. This cell divides 

twice in rapid succession, and the process is well illustrated in the case 

of the pollen mother-cells of Lihum, in which it has been specially studied 
(Fig. 32). It Starts from a cell with a nucleus having the double number 
of chromosomes, as shown by its origin. The nucleus first enters the 
condition of synapsis (Fig. 32. 3, 4). ii^ which a lateral fusion of the 
chromosomes in pairs, respectively of paternal and maternal origin, is 
believed to take place : presently a coiled thread frees itself from the 

tangle of synapsis (Fig, 32. 4, 5), which becomes shorter and thicker, 

still showing, however, indications of its double nature (Fig. 32^ ?)> 

and divides into segments, which are half as many as those of the parent 
nucleus (Fig, 32. 7,8) J each individual of the chromosome-patrs then 

moves apart (Fig. 32. 10, ii), one of each pair passing to either pole 

of the spindle which has meanwhile been formed: as each half is an 
original chromosome, the number at each pole Is one half that of the 
parent nucleus, and the division is styled the heterotype, or reducing 
division (Fig. 32. 12). The second division in each of the two nuclei 
thus formed follows quickly, and is homotypic, that is, each chromosome 
undergoes longitudinal fission into two, as in a vegetative division (Fig^ 32- 
*3 j 14, 15). The four nuclei thus constituted have also half the number 
of chromosomes present In the nucleus of the spore- mother- cell \ but the 
reduction is actually effected, as has been seen, in the first, or reducing 
division. Accordingly, Strasbutger has recognised the spore -mother-cell, 
in which the reduction is Initiated, as the actual limit between the two 
generations. But it is the spore itself which normally terminates the 
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oiie gtiiieralion atid formfv the star ting- point for the ne?:t generation : the 
older u-iage l>ased upon this obvious faet isj ilicreforej to be preferred, 
and the spore may be stih held to be the obvious boundary betw'een 
the ivio gcnerationSn The gainetophyie, or haploid phiase, will then be 
recognised as extending from the spore to the zygote in each cycle, and 
it shows '^n” cliromosomes nornially in all iu nuclear divisions: the 
sporophyte, or diploid phase, is recognised as extending from the iiygote 
to the spore, and it shows ** sn " chromosomes in all its normal nuclear 
divisions. However difficult these nuclear details may be to recognise 
in any given case, so far as observation goes within the limits of the 
Archegoniatae they provide a structural basis for the distinction of the 

two generations more exact 
than any other, a distinc- 
bon which runs parallel 
A ''idi those Ifess accurate 

^ V criteria on which the 

recognition of the genera’ 
tions was first founded. 

/ i a' i - ^ possession of this 

/ 'j means of diagnosis neces- 

^ sarily turns attention afresh 

those cases where the 
transition from one genera 
js other is bridged 

If f direct vegetative 

^ growth, viit. the phenomena 


t ic. u. of Apogamy and Apospory, 

ef&thaHus fpoin ihe liraueliidcylindrliLiil which ha VC fi-gUTcd SO largely 

process of wticli ten roots arose : eieht of ihefte are visible in the - ^ 

(Jrawinj;. X about 6. fAfier Lan^.) m thO dlSCUSSlOnS Oil altSf' 

nation. It has long been 
known that the two alternating generations are not always delimited from 
one another respectively by those unicellular phases of the spore and the 
zygote; but that in certain cases, and among the Archegoniatae most 
commonly in the Ferns, there may be a vegetative transition either from 
the protballus to the sporophyte without the intervention of a sexual 
process — this is termed apo^umy\ or conversely, from the sporophyte to the 
protballus without the intervention of spores — this is designated ap&sp^ty^ 
In the most frequent examples of apogamy in Ferns the place of an 
embryo is taken by a process which originates from the tissue of the 
cushion as a result of vegetative growth and division of its cells (Fig. 33, a): 
it soon takes a form corresponding to that of an embryo, with first leaf, 
root, and apex of axis (Fig. 33, e and c), and it finally becomes an established 
plant in the same way as those sexually produced (Fig. 33, d). In some 
cases these developments may take place in entire absence o^ archegonia 
on the protballus; in others various conditions of the archegonia may be 
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foitiid, cilbcr showing nornuil slmclurc of vnrioun; niotlificnLionh cjf 1 l 
ill other cases, which have been dcHcribed iti detail liy i.ang, 
apogamous developinetits may diverge far from the norma] 
the numbei: and position of the parts. Originating by direct 
growth from the tissues of the thallns, in place of the normal 
and position of the pEiris the several constituents of the sporophyte, 
leaf. S|>orangium. may appear without order or numerical nile 
more roots have been found apoga- 
mously produced upon a prothallus 
without other parts of the sporophyte 
(Fig. 34) : sporangia have been ob' 


served without sporophylls, originating 
directly from a formless mass of 
sporophytic tissue apogamously pro- 
duced on the prothallus (Fig. 35). 
OT even, in an extreme casCi front 
the protlialloid cells of the archegonial 
wall (Fig. 36). The irregularity of 
such growths must be taken into 
consideration in their theoretical 
interpretation, as will be seen later. 
Among the .Archegoniatae apogamy 
has hitherto been observed in a score 
or more of species of Ferns, belonging 
to the Osmundaceae, the Hymeiio- 
phyllaceae. and chiefly to the Pol)^- 
podiaceae ; and examples are also 
recorded from the Marsiliaceae. In 
the Bryophytes, the Lycopodiales, 
and the Equisetaks no cases are as 
yet recorded. It may be notedj how- 
ever, that similar phenomena have 
been observed in Flowering Plants, 
such as Ahl^miUa^ Thalictrum^ 
AnUnnaria^ and Taraxmum.^ 


[hii 
the 

in point of 
Vegeta live 
SLMjuenre 
ro[ 

ten or 



Fee. jj. 

XfMtVitl'iiiti riiUtAthrn, vir. 

FrL.tli;k3bid cirlin<lric,il bcatiif' 

near bjM. ii b>- the ftidt of an 

inipL'rfBtt h^raniiaitit (f/y inj , similar 

ip<jrillft£Sinn Oft ihc- otlicf SjJe^ ^nd OT\ cli< tip aie 

4 number uT ^'p^^Tanfii?l Aasocaatwi wiih lamcmfi 
xj5- (After Ininj;.)^ 

by direct vegetative 
without the intervention 
Liverworts Lang),^ 

Pringsheim^^ Ceratod&n, hitah],^ 


Turning now to Apospory,^ that is, the transition 
growth from the sporophyte to the gameiophyte 
of spores, instances are recorded from the 
from the Mosses {Hypnum and 3 ryum^ 


^ PhiL TrjJMf., vol. c\c. (liSgS), p. 1S7, etc, 

r^iferenctH jwt Strai^biirgur, [907, p. j 

^ The term Apoapory ■' was ini reduced \iy Vines, in 
of B^tany^ i£78, p. 3SS--c't^iK 

^Anrmis Sifiany, vnb ^v., l^oj, p. 503; ' ^ Prht^h. ,$77. 

^ Pot. Zn'i,, 1876, |x 689. 
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I*u}myia^ Jkizi)^^ anil from i^irious sp^scles of Ferns belonging to the 
llymenophyllaeeae and Polypodiaceae,^ but no examples are on record 
from the Lycopodiales or Equisetales, Those cells which would in the 
normal course produce the spores take no pari in the formation of the 
gamctophytic growths. In Anihoitrm the origin of these is commonly 
from sub-cpiderntal cells: in the Mosses from the cells of the seta, or of 
the spOTOgonial wall ; while in Ferns the archesporial cell if already defined 
in a sporangium is abortive. Thus the aposporous growths are in no 

sense mere irregularities of 
development from sporogenous 
cells. In Anflwc€roi each 
growth is apparently referable 
in origin to a single cell, and 
the same is probably the case 
also for Mosses. But in the 
Ferns this is not so : here the 
vegetative development may 
start from a sporangium formed 
in its normal place : a plurality 
of the cells of the stalk, or 
of the sporangia! wall surround- 
ing the abortive central ceil 
may divide, and assume pro- 
thalloid characters (Fig. 37), 
or the growth may arise from 
the receptacle of the sorus 
(Fig. 37 e) 1 or again, It may 
be initiated at some point 
on the leaf, usually marginal, 
which thus extends directly 
into the proihallial expansion, 
and may bear aniheridia and 
archegonia (Fig. 37 b, c, p)^ 
The matter may be further 
complicated by the combination 
of apogamy and apospory in the same individual, and this condition has 
been seen in about half the recorded cases of these abnormalities in Ferns. 
The apogamous seedlings of Nepkrodium pstudo-mas^ var. ^istata (Cropper), 
not only sprang themselves in an apogamous manner from the ptothalli, 
but proceeded almost at once to an aposporous production of new prothalli 
on the margins of the young leaves.® These prothalli boie antheridia, 


Fic. 316. 

.ids art- Groui; oT ^poriangia an .1 
proWtian, ihe structure of which cti^l LC.TiteH tls reblian to aui 
4 irchcg.aniuii(L Iwtmuck] arc pr«-cnt in 3 s-infile 

cell. 


^ Ann. Imt. Boi. v. , p. 54+ 

®Fcf references see and PrantI, Ntst. i. 4, p. nfid Goebel, 

1905, p. 339. 

3 Druery, yiifWJ'n, Linn. Sec., vol. xxix.^ p* 479, 
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^'icinia (an^A) nre ultoady present. St lo. ^=M>jrar apospory in Ftfiyitkhaut 
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bill l?r. drjuving allows how, neverihelesSi the prothalli in turn 

hasten to a fresh apoj^ian^y {hig- ^tS), tluis the two transitions may be 
repeated at near intervals of time. I’lie same was seen to be the case 
In Tykhommm nhitnm, in \vhich apospory and apogamy were found to 
succeed one another,' and it has recently been proved to hold also for 
Athynum Jktx %'ar. fittrisskua^ JoiicSf and other Ferns-''^ 

Lastly, Goebel lias shown5' that when the seedling leaves of certain 
ferns are removed and cultivated on a n^oist substratum, aposporous 
growt]\s may be induced, which show sometimes the most intimate inter- 
mixture of characters of the sporophyte and 




mm 


- the gametophyte. These developments appear 

( ■ to be similar in kind, though not in detail, to 

.t L-, those described by Lang and others. It would 

doubtless be possible to erect upon such facts 
' a superstructure of theory ; but it is necessary 

\o,.- to remember that by the abscision of a young 
part it is placed in ait anomalous and extreme 
ph 3 'siological position. It is improbable that 
such circumstances ever arose in the course 
of descent : and accordingly it must remain 
a quite open question what bearing, if any, 
such observations have upon the evolutionary 
storj'. They demonstrate possibilities : but 
possibilities are not the equivalent of historical 
data. 

The rapid succession of the transitions 
thus actually seen in some Ferns from the 
spofophyle to the gametophyte, and the con- 
verse, give some colour to the suggestion, 
Coebel, that the spoiophytlc buds 
he found in the deep-water specimens of 
/s(re/es are to be viewed as extreme cases of the telescoping of the 
alternate generations.'* This state of affairs is very nearly matched by 
certain Adianiums observed by Lang, in which numerous sporophytic buds 
were produced from the sorus. Examination showed that they sprang in 
certain cases from the sporangia themselves, but not from the sporogenous 
tissue. If we imagine the gametophyte stage reduced in such cases, not 
to a very short phase only, as it is in Lang's N^phrodium^ but to the 
vanishing point, the result might be a^ In Goebel’s Isoeks, But we may 


jS. 

var. erii- 

tafit (Crepper). tj' Dj*. Lang, 

AposAinous traii!iiTit>n frorifi 
pr^l-hiiillus to spocophyid, and 

nposporoaiii iraniLLion Ia proth^illLLi 
At I he apcifc and inArgiin.iL of 


^ Ann. ef Boi., vdI. i., p. 2691. 

® Farmer and Digby, Aurt^ &f igoj, p. 165-167. 

d. Math.'phys.^ Klasit d. A'. Alrad. d, xxxvli., 1907. Kcft- ii-* 

p. 119. This is imer&sLing for comparkoii with my own iicgailve n^sults on leaves of 
inatuinc plants recorded iti Ann. of BoL, iv,* p. i 60 (]8S9). 

*Bi>t, Zfif.t 1^79, p. 1, 
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well ask whether such an inlerpreiation does not read uuo the fat i.s iiKtie 
than acuially exists? If /swfts were :i plant which haltitiially sl^uwrd 
con^bined apospory and apo^amy, and if various stejis were jjresent lejulini- 
towards the extreme rcsulij thejii tlie coneUiiitons nii^ht he accepuuk Ihu 
/sof/t^s is a plant which is slrticUirahy stable as a rulct and there is in 
these abnorTnal growths no pr<jthal]oid tissue at alL Tluis tliey appear tc» 
be merely sporophytic buds formed from sporophyte tissue, and having 
sporophyiic cliaracter tliroughout, 'I'hey will rank with those s|>t>rr>phvli<; 
buds which are found arising from tlie sorus in various h'erns^ or from 
the nucellus in some Phanerogams: they ure^ in fact, a mode of vegetative 
continuance of the neutral generation, and nothing more. 

Tl^e question necessarily presents itself, w'hat is the cytological stale 
of the tissues in the plants which show those vegetative transitions from 
one generation to another, such as have been described for the Mosses 
and Ferns above named? The facts would apjjear to be inconsistent with 
the structural distinction of the two generations, since the acts of sexuality 
and of spore-form atioiT, by w^hlch the cytologlcal changes are normally 
effected, are liable to be omitted. It will be important to know I’low^ 
far the distinction betw'een the haploid and the diploid phases will remain 
valid. The facts have lately been elucidated for a number of the 
abnormal Ferns by Prof. Farmer and Miss Digby,^ and for the very 
peculiar case of the genus Afarsi/m by Prof. Strasburger.^ 

Taking first the case of apogamy : already in 189E I-ang had observed 
in prothalli of Si:&/o/fefidrtimf in the tissues bordering on the change 
from gametophyte to sporophytCj the frequent presence of two nuclei in a 
single cell (Fig. 36). More detailed observations have since been made on 
other apogamous Ferns, by examination of very young prothalli, before any 
apogamous growths had begun to manifest themselves.^ Similar ceils with 
two nuclei were observed in the case of prothalli of Lasifrafa 
var. poiydadyia ; but it w'as shown that w'hen two nuclei are seen in a single 
cell a neighbouring cell is without one, and cases were found where the 
passage of the nucleus through the cell-wall w'as actually in progress 
(Fig. 39), This process is regarded as a kind of irregular fertilisation^ 
for ultimately the two nuclei fuse. On their division the nuclei of the 
apogamous growth thus produced show, as a consequence of the fusion, 
evidence consistent with a doubling of the chromosomes, just as it 
happens in the normal pososexual stage. But instead of one cell only 
serving as the starting-point for the new generation, a number of such 
units co-operate loosely to produce It, These results have their interesting 
bearing on the irregularity of number, and the sporadic position of the 
parts in such cases as those observed by Lang. It is thus seen that even 
in these irregular examples the cytological criterion between the two 
generations may hold, and the structural limit will be found in the cells 

xal, p. 161. ^ Fkf'a, 190?, p. 

® Farmer, Moore, and Digby, R^y. Iski., 1903, |>, 453, 
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in wl^irh ihe dtHil>liil[^ of ilns dtroiiiosOmes is initiated by the nuclear 
fusion. 

riie first case of iipO-S]joiy to be cytologicall}' investigated was that 
of \nr^ where the prothalltis 

j^rows directty out from the margin or surface of the leaf. It vi'as shown 
in this case by ?^Tiss Ihgbyi that there is no nuclear change involved, 
hiu that both sporophyte and gametophyte have a number of chromosomes 
about 50, I'his result would at first sight appear to show that the 



Fh:. 39 . 

Nftt v.irr Tih^^ [>f prgi hallux '•^'h cr-t a n apogamoiuiS' 

crowilt is t« lie formed, showinj; to the left a cell w'ich two n^^^ki^ iv-hile an a-djloiniiiE «1] 
has HOTi*;- At llit wn-tre hI Eumltns k seen pasiinj; ThifOkk£}i n iK^rfcjiation of ihe wait, 
3 i]d fU'irtK inutiedialelj' with th;kt of the eel] it enters. {After [’Vr>n^;rK and Moor^faipfl 
Misi Oigby. ) 


chromosomC'Criterion had hopelessly broken down. But a better under- 
standing of such cases is obtained when the whole nuclear cycle is 
considered, than by contemplation of a single phase of it. It has been 
above noted that there is a frequent relation betiveen apogamy and 
apospory in the life-cycle of the same individual : it is important to 
know the nuclear conditions throughout such cycles. The case of 
Aihyrium filix-faembia^ var, darissima, Jones, may be taken as a first 
example where the complete chromosome’ cycle is known.* In this Fern 

^ Set, Issvi., 1905, p. 466. 

^Karmtr anti Digby, Aftrt, 0/ Bei.^ ipo?* PP^ 163-7+ 
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it has bee]> shown by Farmtir and Miss Ih^by that tlitTc is a[]Oj;aiiiy 
as well as apospory. The cytglogical invest igai ion shows that in those 
cases tvhere sporophylcs were borne on the apogamoiis prolhalli Ibere is 
not any migration of nuclei from one protballial cell to another, such 
as has been described for some cases of apogamy : nor is there doubling 
of the chromo&oines in any other way. In fact, the chrornosoine-rmmbL:r 
is the same for the sporophyte as for the prothallus w^hich bears it. 
Investigation of the aposporous transition from the leaf to the prothallus 
showed also that no change of number marks the passage from sporo- 
phyte to gametophyte. 'Phere is here a case of cytological uniformLiy 
throughout the whole cycle, with chroinosoiTie'number about 90, This is 
approximately the number found in the diploid stage of a typical Athyrunn 
fiUx-foimhfa. 'Phe condition of the variety is as though reduction hat! 
been omitted from the cycle; as a consequence the prothallus being 

itself diploid, fertilisation would be unnecessary in produce a new 

sporophyte I accordingly apogarnous budding will suffice^ and that is what 
actually occurs. 

A near parallel to this has been worked out with similar exactitude by 
Strasburget in J/arsi/ia Drufumtmdii^ A,Brd Phe typical chromosome 
mimbers are 16 and 32 respectively for gameiophytc and sporophyte, 
and normal plants show the usual succession of events. But on ger 
mination of the megaspores borne by certain plants, the gametopbyie 
vi^as found to have the diploid character, and this was ^ten even 

in the division to form the veniral canahcell ; thus the ovum itself is 
diploid. Tn such archegonia the neck does not open, so that fertilisation 
by spennato/oid.s is imt>ossiblei the unfertilised diploid egg develops 
apogamously into an embryov w'hich is naturally diploid also. An 
examination of the sporangia showed further that w'hile in typical Mantimi 
the reduction to ib chromosomes takes place as usual in the spore- 

mother-cells, in M, Dmmmoftdn the megasporangia show two types of 
spore-mother-cells t the one type is normal in number, and shows 
reduction : the other type is produced In smaller numbers In the sporangia, 
for instance only four in place of the usual 16; these on division 
have diploid nuclei and the interesting fact h that their diploid state 
does not divert them from the usual characters of form and structure. 
Since the apogamous plants produce both diploid and haploid spore- 
tnother-ccllsj it is accordingly not surprising that both apogamous and 
sexual plants should be produced from their sporocarps : and it is apparent 
that among the representatives of the species there will be individual 
cycles completed without any change of chromosornemumber : certain 
cycles will accordingly be diploid throughout In this they correspond to 
what is seen in Athyyium filix-fmmimt, var. Jone^j though 

they differ in the detail that the diploid ovum here forms the embryo, 
while in the Afhyriitm the embryo arises from the prothallus by apogamous 

* 19Q7, p, lij, eic. 
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biiddang. lUii :iii cmicI pniallcl ts fcnjnd in Ath\'rtti}n van 

dayhsima^ iJoilon, and in var. crispum DvHmmondae^ 

in whirli the embryo arises from the unfertilised ovutn,^ It may be 

remarked that the pbcj^omena thus seen in the last-named Ferns and in 
Maysdit} correspond essentially to what has been described Tor certain 
Idinncrogams." It thus appears that in a number of cases, systematically 
apart from one another, a diploid condition of the gametophyte is associated 
with apogantous development from a diploid unfertilised ovum : the 
abnormality is initiated by omission of the reduction in the spore-mother* 
cell, and consequently the diploid state is continued in the gametophyte, 
which is normally haploid. It is important to note in such cases that 

a double number of chromosomes may be present without producing 

fundamental change of form or of external character in the gametophyte. 

The further question will then present itself, whether under any 
circumstances the converse is possible, or has been observed, viz* that 
the phase normally diploid, that is, the sporophyie, may be haploid? 
Strasburger states (/.c., p. i66) that no case has come under his 
observation in whicb the generation normally diploid has only the reduced 
number of chromosomes. No case of a haploid sporophyte has yet been 
proved beyond doubt : but a reasonable probability has been establishfed 
b)' Farmer and Miss Digby in the case of Lastraca pmida-nmSi var^ 
aisiatay Druery (/.r;, p, jSo), The detached leaf of this plant produces 
protballi from its margin or surface, which bear occasional aiitheridia, 
but the sporophyte is apogamous. The chromosome-number in the 
prothallus is about 6o : in the embryo the number varies considerably^ 
one mean being 6o, another mean number being about 78. No migration 
of nuclei was observed, nor is there any reduction in the whole cycle. 
The relatively small number of chromosomes in the nuclei of the sporophyte 
is striking, and suggested to Farmer and Miss Digby that the gametophyte 
character had been in^pressed nn the sporophyte — the converse, in fact, of 
what w’as seen in the varieties of Athyrium and in Alarsilia. A comparison 
of the chromosome-number (60, 78) with that in normal Lusirat^ 

p:i$iidii-}nas (144) certainly indicates that this is the probable condition 
of the apogamous sporophyte of Druery's variety: that the sporophyte is 
irregularly haploid, and that the whole cycle is essentially haploid 
throughout.* 

It still remains to refer briefly to two other modifications of the normal 
cycle of alternation in Archegoniaie Plants, so as to complete the tale of 
those which have been observed: I mean sporophytic and gametophytic 
budding. The former has already been mentioned in the case of 

1 farmer and Digbv, /.r., p. 171. 

^ Thuii^tt-umy Ajitinnariay Tuyuxsmmr Ste Strasburijtrr, p- ^ 3 ' 9 ' 

“The examples t|Ljotcd illustrate the more iniporiant modificaiiejns of ibc ehroinosorne- 
cycle IritheTto desetibed. For furtliCT derails reference must be inade to the- papers from 
which these have been deriveiU 
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/-///.v a!> occurring on the leaf- bases {Kign i), aiu! in 
Cysf&pfitis at points on tlie tip^jcr region of tli^e leaf 3)- 

It also occurs in various forms in manjf other [‘erns, tn L^copocls, untl 
Equiseta. The esscn.tial feature of it is that a portion of tissue of tlie 
sporophyte, developed as a bud with a\is leaves ami roots^ on being 
detached from the parent plant, may continue its gro^vih a|>arL from the 
parent. This is plainly a mere vegetative amplification of the sporO[>hyte 
itselb and its tissues are at first continuous into those of the bud : tlicrc 
is no reason to think that any nuclear change accompanies the production 
of these growths, aitd the result is the establishment of physiologically 
independent individuals^ but their origin and detachment do not modify 
our conception of the sporophyte as a whole in any essential point. If 
that conception be based upon nuclear changes accom|KLnying fertilisation 
and reduction^ it will include all such results of vegetative amplificaiion : 
they will be held to be intrU'Sporophytic means of propagation. 

Similarly^ in the case of gametophytic budding, which is common in 
Liverworts, Mosses, and in certain Ferns, by means of gemmae : these 
are small bodies, consisting of one or more cells, which are easily 
detached and under suitable conditions develop irito new gametoph^ies. 
Here again the gemmae appear to be mere vegetative growths, and 
they secure mcrease in number of physiologically independent individuals; 
but there is no reason to think that there any nuclear disturbance 
involved : they may be regarded as intra-gameiophytic means of proj^agation. 

How, then, do the irregularities above described affect the general view 
of the cytological distinction between the two alternating generations of the 
Archegoniatae ? It is quite clear that an absolute chromosome-distinction 
cannot be held as universally applicable at the present time to the two 
alternating phases : nor does form depend on the e^act number of the 
chromosomes: nor yet is there any obligatory ratio according to which 
the gametopbyte is always haploid and the sporophyte always diploid. 
These fads give an opening to the facile conclusion that the chromosome- 
distinction is worthless, and opinions to this effect have already been 
expressed. But the recognition of the present existence of aberrant forms 
does not negative the importance of the relation which is usually seeji, 
nor exclude it from taking its due place in the reconstruction of the 
history of the past. It is contrary to all evolutionary theory and 
experience to assume that what has been normal in the past is 
obligatory for the present or the future. Moreover, it seems probable 
that these abnormalities do not represent anything which took a settled 
place in the course of the evolution of the plants in which they appear : 
our opinion might be different if in any of the great phyla it could be 
shown that a definite stock, or line of descent, had been permanently 
established showing aberrant characters; for instance a permanent Arche- 
fioniaie phylum showing a cycle without any chrornosome-diflferences. But 
of thU there is no evidence at all: every one of the main phyla 
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show normail)' the regular succe&!>ion of evenly as describedj viz. the 
haploid gametophyte leading through seuiality to the diploid sporophyte^ 
which, again^ tluoiigh reduction or meiosis in the spore- mother-cel Is, leads 
back to the haploid prothallus. The constancy of this is too great 
to allow its recognition as the “ normal ” to be seriously disturbed by 
the occasional irregularities described — irregularities which bear all the 
characters of late, indivKluab and probably non 'permanent aberraticsns. 
Their esistence is suggestive on certain points* but it cannot be held to 
invalidate the view that the cycle as above stated existed in all probability 
throughout the earlier phases of descent of the Archegoniatae. 

Accordingly the cytological distinction of the two generations may be 
upheld as the normal condition for the Archegoniatae. Further, the opinion 
of Farmer ma)' be accepted, that the new facts relating lo apogamy and 
apnspory leave the question of alternation where it was: they tend neither 
to destroy the one theory of its origin nor to uphold the other (/.c., 
p. 193), Moreover, the facts of the normal chromosome-difference may be 
held to accord with either of the theories of alternation* the homologous 
or the antithetic : they are not finally distinctive for either, and a decision 
must remain still In doubt until the actual history of the genesis of the 
diploid phase in the Archegoniatae can be traced. Towards forming a 
just opinion on this question it is desirable not only to compare the 
Archegoniatae among themselves, but also to take into consideration 
the life-cycles of the Thallophytes ; for these plants often show a simpler 
mode of life, and have always been held to afford suggestions as to the 
probable origin of the more complex I and- vegetal ion. This will be the 
subject of the next chapter. 


CHAPTER V. 


AL'I'ERNATION IN THE THAIA.Ol'HYTIiS. 

THt early recognition by Hofmeisier of alternaliori of generations as a 
general feature in the life-cycle of the Archegonktae naturally led IJoianist^ 
to enquire ^vhelher any similar succession of phases esisied in. other 
plants t and the question was soon directed towards those low'cr En the 
scale, which are collectively termed the Thallophytes. Notwitlmanding 
that this term covers a most heterogeneous series of organisms, a very 
large number of them show processes of propagation analogous to those 
seen in the Mosses and herns. Ihe existence, on the one hand, of the 
phenomenon of sex, and on the other of the means of propagation by 
non-sexual bodies, or spores of various kinds, suggested the comparison 
with corresponding features in the Arcbegoniaiae, Such comparison at 
once raises the further question how far the study of the Thallopliytes 
may throw light on the origin of those recurrent and alternating phases 
seen in Archegoniate Plants. 

It will be well at once to realise that the phenomenon of sex, and the 
production of germs, by which the number of individuals may be increased, 
are not neces^jarily in any way connected in plants at large. It is true 
that in certain plants, and even in large groups of them, experience shows 
us that there is an obligatory succession of such events in the life-history, 
liable, however, as we have seen in the Ferns, to certain exceptional 
modiheations. We know from experience that the fertilised zygote of the 
Archegoniatae grows into the sporophyte, which has as its ultimate end 
the production of spores ] it has never yet been seen to grow directly inicj 
a protballus again. The spore of the Archegoniatae, according to our 
Invariable experience, germinates to form a prothallus: it has never 
been seen directly to produce a new sporophyte. There is then at^ 
obligatory succession of events in the It fe*hi story of the Archegoniatae. 
External circumstances may affect the production of fertilised zygotes, or 
of matured spores j but so far experiment has not altered the product 
which arises respectively from the zygote or the spore, nor has such 
change been observed in Nature. When, however, we turn to organisms 
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louver in the sca]t.s xha ease is found in lx- often different : tbe first clear 
denioiistjaiion for a '['Ivalloph}!^ that tlie j)hases do not follow an obligatory 
siiceession ^vas given by Klebs for Ifydn^dkiyon ^ subjjequently his 
obseivations were extended to and later to many other Algae 

and Fungi d Up to 1890, ivlieiT Klebs^ first paper on Hydrodiciyon was 
pnUished, the eoinparison of the various stages of life in the Thallophytes— 
ai^d indeed in plants at large— had rested on form, and very little was 
known of their behaviour under varying conditions. But Klebs applied 
to them the experimental method, and found in many cases that where 
the organism possesse,^ two or more kinds of propagation, each is directly 
dependent upon quite definite external conditions. There appears in many 
cases to be no cause in the inner nature of the organism for one of these 
to be developed earlier or later t it lies in the hand of the e.xperimenter to 
determine their succession. An exact knowledge of the conditions gives the 
experimenter the secure control over the organism, which can at will be 
forced into any desired mode of propagation within the limits of its species. 

'I’his may be well illustrated by the case of Vnucheria^ which happens 
to have had its simple life-history adequately investigated through the 
experiments of Kiebi;, He found that the formation of the vegetative zoo- 
spores is most active ‘ if well-nourished plarits are transferred to fresh 
external conditions, and especially to diminished intensity of light ; while 
the formation of sexual organs can always be counted on when nutrition 
proceeds slowly, under relatively equable conditions, and under good 
illumination. Similar observations, correlating the phases of life of various 
Algae and Fungi with external conditions, have also been carried out, 
and though the determining circumstances may differ In different plants, 
the fact is now demonstrated for a number of Thallophytes, that there is 
in them no obligatory succession of phases : sexual reproduction or vege- 
tative propagation may be repeated indefinitely, according to the conditions 
of life : neither of these leads of inner necessity to the appearance of the 
other. In fact the relation of the vegetative mode of propagation by 
isolated germs to the life^cycle of such Thallophytes is somewhat similar 
to the production of gemmae on the gametophyte of Archegoniate Plants, 
or to the sporophytic budding of Ferns or Lycopods. In all such cases, 
which may collectively be styled under the general term of somatic 
budding, the increase in number of individuals is secured, but only by an 
incident which takes no part in any rhythmic succession of obligatory 
phases, and involves no cytological change. The result is simply a repetition 
of the same phase from which the bud, gemma, or zoospore was Itself 
derived, The experimental method of Klebs, by showing that the order’ 
of events In such cases is not obligatory, has laid the foundation for a 
more rational comparative study of the life-story in the Thallophytes. It 
may be considered probable that many more of the Fungi and Algae will 
be found to behave like the species which have been tested. As operative 

^ Klebs, der hti ^inig^n Algin if fid Ptfsirij 
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factors, external stimulu;;^ light, tenipcr.Tiiire^ inolsUirtjH access to o\ygen, 
itnd the chemical composition of the nutritive medium, have already been 
recognised. These and others in various combination have been found, 
or may in the future be found, to determine the succession of |>ro|tagaLtvc 
methods in many of the 'rhallophytes. 

But, on the other hand, accurate observation is shovvir^g in an increasing 
number of examples that this freedom from obligatory succession of phases 
is not universally the case in the 'I'hallophytes. It is beginning to be 
dear that here, as elsewhere, complications have arisen, associated witli the 
phenomenon of ses, wl^kh lead frequently to an obligatory succession of 
phases, over which external conditions have little or no control Ii has 
been seen in the Archegoniatae and in the Phanerogams that tlie result 
of sexual coalescence is a doubling of the number of chromosomes in the 
subsequent nuclear divisions, w-ith reduction as the final consequence. The 
similarity in essentials of fertilisation in the ThaUophytes to that in the 
Archegoniatae is obvious : it has been found in many cases to resuh in a 
doubling of the chromosomes in ThaUophytes also, and this makes it seem 
probable that there should be post-sexual nuclear complications of somewhat 
the same nature in them also. Strasburger has drawn atttsntion to the 
impossibility of indefinitely continued doubling of chromosomes in fertilisationH 
and the necessity for a reduction-process in plants which show sexuality' 
we must assume that some process of reduction will sooner or later follow 
in each life-cycle where sexual coalescence occurs ; but the mechanism of 
the process, and the period at vvhich it occurs in the lifC'Cycle, may differ 
in dififerent cases. The differentiation of the sexes In the ThaUophytes 
has proceeded along many distinct lines, \^’l^at is then more probable 
than that in different lines of descent the problem of reduction, as a 
necessary consequence of sexual fusion, should have been solved in different 
ways, and at different points in the life-story? 

The facts observed in certain ThaUophytes point to the conclusion 
that this has actually happened : reduction has now been shown in some 
of them to follow^ on sexuality, but its place in the life-cycle varies in 
different cases. The point of interest for preseiu consideration is not so 
much the details of the process of reduction, as the place which it holds 
in the life-cycles of various ThaUophytes, and the influence which it appears 
to have had in determining in them an obligatory succession of phases. 

The question must for the present remain open how the reduction, 
ivhich we may presume to be a necessary consequence on fertilisation, 
is carried out in those ThaUophytes which show sexuality but have not 
any fixed succession of phases, such as Vaucherhi^ etc. Subsequent observ- 
ations will doubtless provide the actual facts, and ivill probably locate 
the reduction-process either in near proximity to the germination of the 
zygote, or it may be to the production of the gametes.' We may even 

^OUiiiaflns, M^rpheLit. Algtn, igo4p p. 324; LS. JL Davis^ ' in 

Vnucheria," 1904, voL sxxviih, p. Si, 
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iinticiE^alt^ tbai one or other of ttiese locations will be found to be a 
general feature of those plants where there is no obligatory succession of 
phases, and their soniatic^ condition would accordingly be in the former case 
haploid, in the latter diploid, ^Vith this remark they must be left on one 
side fo]' the present, 

In other cases, however, a succession of obligatory phases,, defined on 
the one hand by the incident of se^ual coalescence, and on the other by 
reduction, has been brought to light ; in fact, examples of alternation 
have been found among the Thallophytes, showing cytological limits closely 
comparable with those which have been accepted in the previous chapter 
for the alternating generations in the Archegoniatae. Among the Algae 
one of the best cases of ihis^ stihstan dated on both cultural and cytological 
evidence^ is that of Duiyota dkh<^toma^ Lamour, It has long been known 
that the leiraspores, anlheridia, and oogonia of this plant are distributed 
on different individuals, but it has only recently been shown in what 
relation these plants stand to one another,^ We now know that the number 
of chromosomes in the somatic divisions of the plants which bear antheridia 
and oogonia is i6: that there is no change of chromosome-number in 

the formation of the sexual cells, but that the fertilisation results in a 
zygote which on germination gives a plant with 33 chromosomes in its 
somatic divisions. This plant bears tetraspores ; but in their production 
the mother-cellj on dividing its nucleus into two and then into four,, 
shows a reduction to the original 16, the details of the process being 
closely comparable to those in the tetrad’reduction of Archegoniates and 
Phanerogams. The teiraspores on germination give platits w'hich shoiv 16 
chromosomes on their somatic divisions, and thus correspond to the original 
sexual plants. The only gap which is left in the full demonstration of 

the life-cycle, both by cultures and by cytological observation, is that the 
plants raised by cultures from tetraspores have not yet been seen to bear 
sexual Organs : but still they correspond in their cb romosoiu e-number- 

Here, then, is a succession of phases w'hich appears to be obligatory, 

involving two stages which have the same chromosome-relation as the 
aUetnaiing generations in the Archegoniatae, But there is this difference: 
that in external form and structure the two alternating generations of Dktyois 
are substantially alike though the one is haploid and the other diploid. 

Somewhat similar phases, which alternate in a less exact and obligatory 
manner, and in which the cytological details have not yet been observed, 
are seen in the life of Cufkria \ they are known as the Cuikria and 
Agiaatonia stages.^ This case Is quoted here as showing that in plants 
probably akin to the exactitude of the alternation in not maintained- 

But this fact comes out much more strongly in the case of 

Lloyd WiUiEims, Studies in the Dlctyotaceac,” A finals 0/ Botany’^ 1904 j 
MoLtier, ■“ Nuclear and Cell Division in dUh^ioma X Afttials q/ 

*See Olltnatirs, Akrph, ii. BtGkgic der Alg^n^ Jsna, 1904, p. 396, etc.^ where 
catrent literature is fully dealt with, 
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which the thaLlus itself is dijiloid, but no alternation is known In etE.st. 
The cytologkal observations would indeed seem to exclude it ; for the 
doubling of the chromosomes which follo^vs on fertilisation is niainuuiied 
throughout the somatic divisions, and reduction has been found to uke 
place in Ft/Ci/i in the first divisions resjiectively of the antheridium and 
the oogonium.^ Such examples as these, taken from the grou|j of the 
Brown Seaweeds, show that an obligatory alternation, though present in 
some of them in a type comparable cytologically vvith that of the ArcliegoniataCi 
is not a constant feature for them all, in the same sense as it is in the 
Mosses and Kerns. 

In the Red Seaweeds the probability has lotig been contemplated that 
the peculiar developments following on fertilisation consist in the formation 
of a phase of the nature of a sporophyte. This position and a corresponding 
terminology have been accepted and developed for the Florideae generally 
by Oltmanns, in his work on Algae,- Until quite recently the necessarv 
cytological details have only been observed in though the 

demonstration is not yet quite convincing^ It is stated that on fertilisa- 
tion of the procarp by the spermatium a nuclear fusion lakes place : 
this results in a doubling of the chromosome-number from eight, 
which is the number in the somatic divisions of the thallus, to sixteen in 
those post'sexual divisions of the cystocarp which precede the maturing 
of the Spores. On the other hand, though no tetrad ‘division occurs, a 
reduction'divtsion is stated to he immediately associated with the pro- 
duction of the carpospores. If this be so, then the post-sexual stage, 
being diploid, will be cytologically comparable with the sporophyte-stage, 
and the carpospore on germination will initiate again the haploid or 
gametophyte stage. It is, however, to be borne in mind that neither 
JVe 7 nali 0 ti nor the genera allied with h bear tetraspores. which are so 
marked a feature in most membeTS of the family. Fortunately the cyto- 
logical history of P0lyHphoiti&^ a genus which bears tetraspores, is now 
before us, fully worked out by S. Yamanouchi.* 

He finds in F. violacea that tlie carpospore on germination sho^vs 
40 chromosomes, and that the same number appear in the vegetative 
mitoses of the tetrasporic plant: so that it may be inferred that the tetrasporic 
plants come from carpospores. The teiraspore on germination show^s 
20 chromosomes, and the same number appear in Che vegetative mitoses 
of the sexual plant : bo it may he inferred that the sexual planes come 
from tetraspotes. The nuclei of the gp metes contain each lo chromo- 
somes; the fusion -nucleus in the fertilised carpogonium has 40 chromosomes, 
and gives rise to a series of nuclei in the central cell : some of these 
enter the carpospores, which are consequently a part of the sporo phytic 

1 Stiasbuiger, PAngih. FarniflT^ PkU. B. iftgS. 

* MorphohgU ff. Biohgh dtr 

^ Wolfe, “ etiological <;tudie^ on NtamHQny Ammii ef Betony^ 1904, p. 607. 

*•£01, Gateirs., I 9 n 6 j 401. 
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l>hase to be continued in the tetrasponc plants Tetraspore-formation 
terminates the sporopliytic phase with typical reductioii'phenomenaj so 
that the tetraspores are prepared to develop the ganietophyte generation. 
There is thus an alternation of a haploid, gam etc phytic phase with a 
diploid, sporophytic phase in the life history of Folysiphoma^ the cysto- 
carp being included as an early part of the latter. 

It appears, then, from the two types in which alone the cytological 
details are as 3'et availablCj that there is a want of uniformity of the cycle 
within the Florideae, not unlike that already noted for the Phaeophyceae. 
The alternation in Ntmalwn^ where there are no tetraspores, is of a more 
restricted type than that in Pt^lysiph&uin \ for in the former reduction 
appears to follow comparatively soon after the fertilisation, but in the 
latter the event is deferred till the diploid plant produces tetraspores. 
Vamanouchi suggests that the tetrasporic plant ma)^ have arisen by a 
suppression of the reduction-phenomena in connection with the carpospore, 
so that it germinates still with the sporophytic number of chromosomes, 
producing a diploid plant, and that the first letraspore-mother-cells probably 
corresponded to monospores produced on the sexual plant of the simpler 
type, since such reproductive cells would very naturally become the seat 
of the delayed reduction-phenomena. This is a possible, though a some- 
what bold hypothesis. It may be anticipated that as the details become 
more fully known for the Floricleae, a comparative basis, illustrated by 

Iniemnediate steps, may provide more certain knowledge of the relation 
of these extreme types of cytological difference. At the moment it is 
interesting to see how great these differences are in the Florideae, as they 
have also been found to be in the Phaeophyceae : moreover, they are 
marked by no corresponding differences of external form : there is no 
haploid type of plant distinct from the diploid. This fact is probably 
referable to the uniformity of the conditions under which both generations 
live; but it also has its own interest in relation with what has been 

seen in the Archegoniatae ; for there it has been shown that a gametophyte 
may be either haploid or diploid without any modification of form. 

In certain Fungi also there has long been a suspicion that there is a 
somewhat similar alternation, and recent observations have tended to 
demonstrate that here also a cytological basis exists in some cases* The 
records of nuclear fusion in Fungi are rapidly increasing : in some cases 
in w'hich such fusion may properly be held to be of a sexual nature* a 
doubling of the chromosomes has been observed in the post-sexual 
divisions; but it has been found more difficult to locate the necessary 
reduction exactly : among the Fungi there seems indeed to be the 
want of general uniformity in this as in the Algae. For instance, in the 

Peronosporcae, though the observations on Pero^tospom and on Albugo 

\,Cystopu&) are somewhat divergent,' there are several records of nuclear 

1 VV^e^r, Aiztiah Boittfiy, it., p. 127, x,, p, 2 gs> p* 263; Berkae, JaAr. /. whs. 
xxsL. p, 159; Stevens, Bot. xxviii.^ p. 149. 
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fusion with ccosequ^nt doublini; of the chromosomL'-oumher lakiu^ phn, 
on ferlitisAtion, but actual chromosiomc counllni;; is difficTilL 'I’ht^ro ui; 
the other hand, notwithstanding eariior stateo^onts which tended to locate 
reduction at the genninaiioii of the oospore, a growing opinion, based in 
part on exact counting, that the reduction in these plants is pro sexual, 
and takes place at the maiuiing of the oogonium atid aiithcridiLitn, 
This receives considerable support frotn Trow’s results on ' he 

finds that doubling occurs as usual on fertilisation, hut the necessary 
reduction takes place in gametogenesia in this plant, as in most animals, 
and not in sporogenesis, as in most plants. Such a conclusion from the 
Saprolegniae would thus correspond to what seems probable for the 
Peronosporeae : it has also been seen to be probable according to some 
writers for Vaifchcria, and has been conspicuous]}' proved for 
In such plants the chromosome ii umber in the somatic divisions will be 
“ 2n, as in animals, and there will be an absence of cytologically distinct 
generations with obligatory alternation. 

There are various cases among the higher Fungi in which, on grounds 
of comparison of form combined with nuclear fusion, a sexual process 
is now recognised, for instance in the simpler Ascomycetes. Here the 
carpogonium has long been regarded as a female organ, and the pollS- 
nodium male; a position which is now justified by the nuclear fusions 
observed. It naturally follows to regard the ascogenous hyphae as a 
posusexual stage analogous to that in the Florideae : they hold the same 
place in the life-cycle as the carpogonial filaments of the latter. The 
condition of this stage as regards chromosome-number is still a matter 
of doubt; but there is some reason for believing that reduction may take 
place on formation of the ascospores, while their number in each ascus 
is in itself suggestive. Further observations will be required to show 
how far such comparisons have a cytological justification. 

But in the Uredineae the case for an alternation based upon cytO' 
logical detail has been fully made out for Gymfwsporaugitim and Phragmidf^im, 
the facts being as follows : ^ The mycelium which bears aecldia and 
spermogonia has single nuclei : each is usually in a separate cell, and shows 
two chroinatimmasses on division. This stage is compared with a gameto- 
phyte, capable of bearing sexual organs. The sperinatia are held to be 
functionless male cells, and fertilisation is effected by other means. The 
young aecidium Is held to be a sorus of female reproductive organs, 
each of which may be fertilised by the migration into It of the nucleus 
of one of the adjoining undifiereiitiated mycelial cells. The male and 
female nuclei do not fuse, however, but continue to divide simultaneously, 
and the product of fertilisation is accordingly a growth with paired nuclei ■ 
ims condiion is persistent throughout the rest of the life-cycle, includ- 
ing the aecidiospores, the mycelium which germinates from them, tiie 

^ Atiiiit/s Jtviii.j p, 

“V. 11. Ulacknian, AntiaU of KviiL, p. ^23. tic 
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uredosporesj ^nd the teleutosporcs : these collectively are compared with a 
spoTOphytc-geiieraiion^ and alt show in their cells the paired nuclei, which 
divide in close association together, showing on division four chromatin- 
masses. The final nuclear fusion lakes place in the maturing teleutospore, 
while the sub£et{uent division of the fusion-nucleus shows changes which 
correspond to synapsis : at the same time there is a reduction of the 
chroniatin-masses from the four characteristic of the paired nuclei 
collect] velVj to two. It seems thus clear that an alternation of phases, 
the one with “ n/’ the other with *' an ” chromatin -masses exists* Tt is 
known to be obligatory in those Uredmeae which show the full cycle, 
and the limits of the two generations coincide respectively with a process 
of fertilisation (with suspended nuclear fusion)^ and a process of reduction. 
It is therefore comparable in its broad cytological features with the 
obligatory alternation seen eUew'here, The analogy with the Flotideae is 
here again so obvious as to have led to the suggestion of some phyletic 
relation of the Uredineae with that group. As a corollary on these 
observations and conclusions, it has been further suggested that the 
absence of sexuality in the Basidiomycetes may be due to an apogamous 
shortening of the life-cycle, so as to omit the sexual stage altogether. 

There remain for consideration certain of the Algae, wEicb show 
post-sexual complications of an obligatory nature : they have been reserved 
to the last because they have long been singled out as those Thallophytes 
which most naturally suggest the manner in which the alternation in the 
Archegoniatae may have originated. An important feature in them is, 
that in close relation to the sexual fusion, rearrangements of nuclear 
condition occur* in some, these precede the act of fusion* though commonly 
they follow* it ; buE in either alternative an apparently obligatory phase 
is associated with sexual fusion m the life-cycle, and there is good reason 
to think that its existence is bound up with the post-sexual reduction. This 
has been specially remarked by Strasburger in connection with the germination 
of zygotes in the Conjugatae^ and in various Chlorophyceae. The actual 
fact of post-sexual reduction has not yet been established in them by 
chromosome- counting ; but the fact that the post-sexual divisions of the 
nuclei are commonly into four, shows a pregnant analogy with tetrad- 
division* while in some cases the four nuclei are formed notwithstanding 
that only tw*o are eventually required. This w?ould hardly have been the 
case unless there were some importance attached to the division into 
four* Examples will now be given Illustrating these points. 

In the unicellular Desmlds* where no somatic complications arise, 
conjugation and gernu nation of the zygote have been studied by Klebahn, 
whose drawings of ChsUrinm are here reproduced (Fig. 40).^ The nuclei 
of the conjugating cells remain apart throughout the winter in#he resting 
zygote (Fig. 40* i), and only coalesce w*hen germination begins in the 
spring: the contents escape from the thin- walled zygote, and division of 

^Uebtr Rtdukiiom thiiiufig^ etc*, 1900, p. 83. Prin^sh. J&hrb.^ voU Kxic- 
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the fusicivnucieus soon follows (Fig. 40. 3, 3); this is suocL'L'dL'd Uy 
further mitosis (Fig. 40. 4)^ with the result iliai four nuclei ;*rc fornied : 
two of these are larger than the oilier two, anti a jiair of nuclei uf iuief|ual 
sisje^ one small the other large, finds its place in each of llie two cells 
into which the zygote divides (Fig. 40. 5, 6). Of these nuclei the 
smaller one in each cell disappears^ and it is thought that it becomes 
disorganised* while the other remains as the dehnitivo nucleus tif ihe new 
C/osUrh/m cell 

Certain Diatoms show on conjugation a singular parallelism cif behaviour 
to this, but with important differences* and again it is to Kleliahn that 
we owe the description of the details.^ In the conjugation of Rhi^piihuiia 


<Ic r irtYLiiift (1 wi rtficr Kit fidhii 1. luffore imcle.’ir fuj-Eijn. i. 

niii-]%LS. 3. simile. 4. St:£dn:l 5. Hi-tflldlur it-ap*; Yvtih brpe 

hU[;lep, [Sc [ wu Olliii;iiM»sn 


^Fig. 41), the protoplasts of the two cells come into dose relation, hut 
the nuclei remain distinct (Fig. 41 ■ 2), and undergo each a division into 
tw'o, and again into four (Fig. 41* 3* 4); of these, two in each cell are 
soon reduced in size, while the others are distinguished by their larger 
size (Fig. 41. 4). Then comes an abstriction of each of the original 
protoplasts into halves, and each half contains two nuclei, one large and 
one small (Fig, 41. 5) : these halves coalesce m pairs, and each fusion-pair 
Anally develops into an auxospore (I'Jg. 41. 6, 7): the two larger nuclei 
of each pair meanwhile fuse, while the smaller nuclei become disorganised 
(Fig. 41. 8). 

In these cases there is conjugation, and a tetrad-division of nuclei 
■accompanies it. There is no evidence as yet of chromosome-number, 

^ Pringih. vol. .'(xix. 
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but in both cases half of the nuclei produced are discarded e this would 
seem to point to some special importance attaching to the division into 



Fjc;. 41. 

C«)>U{;Al[cin oi afi^r KIctahn. ihkIclib ; small nuclekis [ lajpe 

nucleus^ ; g^ muirLlrtEC. (From OltmannS'.)' 


four, and by analogy with what is seen elsewhere it would appear probable 
that the importance lies in a process of reduction accompany infj it. What- 
ever the actual cytolcgical condition may be^ at all events this is clear, 
that( in these strangely similar plants, the tetrad^di vision of the nuclei 
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In the DiaioiiT immediately conjugatinn. while in Uie 1 ic^;nnd 

it immediatelyy^/A^TiJ^j on conjugation. This fact is important fur coinparisrai 
with the order of events in other 'rhallophytcs. 

The post- sexual phase ij:i UhthrLx^ ant] CnhuKhiUk has 

been frequently brought into comparison with that of the ISryophytes, 
but the necessary details are still very imperfect as regards ihetr nuclei. 
In Uhthrix the zygote is formed by the fusion of two motile gametes, 
and after ercystment it undergoes a period of rest : parthenospores similar 
to the zygotes are also produced, as shown by Rlehs^' when the sexual 
cells are exposed to a 05% culture solution; these also undergo a jjeriod 
of rest. On germination it is found that in either case Lliere is a diWjjion 
of the contents into non motile cells, which grovv directly into ne^v filaments. 
But apparently there is this difference, that the par then os pores form only 
two of these, while the zygotes form four. If this be constantly so, tlie 
point has a special interest as indicating that the tetrad'division is a 
consequence of sexual fusion, and need not happen unless the fusion be 
carried out. In a similar w^ay the ;jygote of Oi^do^tmium divides on germina^ 
tion into four, a number which suggests reduction ■ it is quite possible 
that the exceptions to this noted by Prlngsheim,“ may be explained on 
the 'ground of parthenogenesis, as in VioihrL^, The cell body formed on 
germination of the zygote of OfkochaHt^ is that w-lhch has most rre<]uerfctly 
been compared with the simplest sporogonia of Bryophytes. In this plant 
nuclear fusion has been observed in the ovum (Fig. 42. 6, 7), after which 
the zygote undergoes a period of rest, as a unicellular, uninucleate body, 
covered by a pseudo parenchymatous coat. On germination a trans^-erse 
wall is formed at right angles to the axis of the oogonium : then follow 
longitudinal walls to form octants, and these usually divide further till 8*16 
cells are formed in each hemisphere. The outer coat then bursts about 
the region of the transverse wall, and a zoospore is formed from each 
of the cells, which germinates like any ordinary zoospore. The question 
of homology of this body with a simple sporophyte has recently been 
decided by observations made by C. E. Allen ^ : he found that reduction 
takes placet with characteristic synapsis, on the first nuclear division in 
the germinating zygote. The cells of the fruit-body are then haploid 
and correspond cytologically with the gametophyte, not with the 
sporophyte as had been commonly assumed. But there is no need 
as an alternative to hold this body as in any sense a derivative of the 
ordinary CokocMete thallus: it seems more natural to see in ic merely 
an extension of the usual tetrad' for if the second division of a normal 
tetrad were in this case repeated twice or thrice, a cell-group would 
result just as is seen in Cohochaek^ and the biological advairtage of increase 
in number of the progeny would thus be secured. Morphologically such 

^ BtMngungiti ForipfiAti^UHg^ |j, jai. 

Her ^ J, Dy B & t . , 1905, p. 285. 
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a devdopTneTU stands hitherto aloiitj^ but biologically it occupies the 
same place as a simple sporophytc^ 



Pic. 43. 

finitfiiuiiii. Aficr Obimi^nns. 1, zooepoi^Lv^ium j, 

fitjixnd ydU-nc 'Oi>g'>niiini(tf]l. 4, ihortly belTori Opruing. Ditto aft<r 

JkLill with 2ygot« de\'«:ki>pcd to fruit. S, Germinating hypno- 

S gotc. a-, AmKeridiunt. d, Oogoninni. ALile nudcus. P^maLc nuclcuSh 
iromatophire. fif, PyrciKiic.1, Ni3(]tu4. 

Though the cases ate thus seen to be still comparatively fetv in which 
the Thallophytes have had their cytological condition traced throughout 
the whole course of the individual life, there is a growing body of evidence 
to show that an obligatory alternation of cytoiogically distinct generations 

’ It is possible that ibe multicellular spores of Ascumycetes supply a paralleL Ifj 
as is probable, the reduction accompanifti the forn^ation of the ascosporesi then the 
subsequent divisions in Lhose spores would hold a similar place in the cyiological cycle 
to those in lhe fruit of Coleochaete. 



THREK Ll^AIJING TYVKS 


75 


exists among them. According to the crilenon of chromosonie-clifrtTtnce 
there may be recognised a haploid, pre-scxmil phase, characierisetJ by 
having ** n chromosomes — this corresponds cytologicEdly to what has 
been termed elsewhere the gametophyte j and a diploid, post-sexual stage, 
characterised by having chromosomes — ^this corres|)ond3 m this 

respect ai least to the sporophyte. The alternation of these phases 
depends primarily upon sexuality, which doubles the chroinosome-number^ 
The reduction of the chrontosome-number to one half appears he a 
necessary consequence of it, and the process by which the original number 
is restored is found to be commonly associated^ here as elsevvhere, with a 
tetrad-division. 

As Professor V. H. Blackman has pointed out (/hC., [X 364)^ three nuclear 
stages are to be observed in the sexual cycle of animals and plants: 
midear assodation by fusion of the protoplasts which contain them ^ mtek^r 
reditdioffj /ushfit vvhich doubles the chromosome -number ; and ehromesome- 
redue/wtj by which their number is halved. Of these three stages the 
second may take place at the same time as the firsts or it may be delayed 
for a short time, as in S/^ir£fi[}'ra or Casmadi/m : or, as in the Uredincae, 
it may be delayed until the stage corresponding to chromosome-reduction. 
According to the relative time of these successive nuclear stages the sexual 
cycle may vary greatly, us we see that it does in the Thallophytes ; and 
three leading types of the cycle emerge, though they severally may graduate 
into one another by intermediate steps: they include: 

I. T/iffse hi u^kkk redneiion irnmedkiidy precedes a fid 

stxual fuiioH. The order of events would then be (tr) somatic division 
with ** 2 n” chromosomes: (//) chromosomereduciion : (r) gametogenesls 
and sexual fusion. This is the case generally for animals : in plants the 
best demonstration has been in Fuats \ it is also seen probably in Rhopniodia ; 
but it probably occurs also in many of those Thallophytes which have 
no obligatory succession of phases, and especially in Achiya^ and probably 
in the Peroiiosporeaen 

Fhose in whiih reduetion immediately follows on stxnal fusion. The 
order of events in these would be {a) somatic division with “ n ” chromo- 
somes; \p) gametogenesis with sexual fusion: {f) chromosome-reduction. 
This is probably the case in Desmids and other Conjugatae, and in the 
filamentous Chlorophyceae, including Coleodtade. 

3. in ivhkh a somatk phase of some extent ht/ervenes between sexual 

fusioft and reduetioff, and again between reduction and sexual fusion. This is 
seen in Dkiyota^ probably in the simpler Ascomycetes, in Uredineae, and 
Florideae : it is comparable with what is seen in the Archegomate series. 

It Is interesting to compare the grouping of types of alternation as 
thus stated with the position adopted by Celakovsky in his paper which 
was published some thirty years ago at Prag,^ The data, both physiological 
and cytological, are now much more precise, though still very deficient. 

* Sin. d (Set. d. Win. iu f^ro^^ ] 874, p+ 30. 
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The criterion of chromosome-number is new: the method of physiological 
experiment is also Still, the conclusions are in the main unaltered. 

What was then styled homologous alternation now stands on a basis 
of cytological unity as regards the somatic divisions, and denotes such 
recurrent phases in plants as appear to be dependent on external condition, 
not obligatory in their succession, and involve no cytological change: 
this includes the cases grouped under (i) and (2) above. There is hardly 
any need to designate such life-cycles as showing alternation at all, were 
it not that this is the ty[?e of life-history for which the term was first 
introduced by the zoologist Stcenstrup. The types grouped above under 
the heading (3) were distinguished by Celakovsky as showing “antithetic 
alternation,” and it is now found to have its basis in a cytological difference 
of the successive phases, which also show an obligatory succession, not 
deiern:tined directly by external conditions. 

The conception of normal antithetic alterr>aiion now turns upon the two 
critical points of sexual fusion and reduction ; it is necessary to enquire how 
far these events are historically the same in orgauisrns at large. It would 
seem probable that sexual differentiation, and perhaps even sex itself 
originated along several distinct phyletic lines: on this point there is no 
definite Information, though the differences of character of the organisms 
which show the simplest types of sexuality distinctly suggest that it had 
not one common source only. In the present state of uncertainty it seems 
undesirable to de|aart from the usual convention by which the zygote is 
held to be “homologous”; and, accordingly, it serves as a point for general 
comparison between representatives of distinct phyla. ' But it must be 
distinctly understood that this is in itself a conventional understanding, and 
that its adoption for convenience of description does not necessarily imply a 
strict “homogeny, " in the sense that sexuality was established once for 
all. Similarly with reduction, which is theoretically a necessary consequence 
of sexual fusion, it is only by a similar conventional understanding that 
in divers organisms the cell where this is initiated is held to be “homologous'^ 
it is not to be assumed that it is truly “homogenetic” in distinct phyla, 
as though reduction had been initiated once for all in sexual organisms. 
But, on the other hand, in organisms that are akin, such as the members of 
the phyla of the Ferns or the Mosses, it may reasonably be held as probable 
that the zygote and the spore-mother-cell are actually identical things, in fact 
homogenetic for the whole phylum, in the sense that each probably sprang 
from a phyletic source common for the whole phylum. 

^ A comparison of plants at large as regards the position of the reducing 
process in the life-cycle relative to sexual fusion shows great differences, 
as WG have seen. It is not improbable that these may have been due 
in part to initial differences : we have no right to assume that there was 
uniformity at the outset. Some ground for the view that initial differences 
existed is to be found in such cases as the Desmids and Diatoms ; for in 
Cksi^rium the rejection of the superfluous nuclei, and probably also 
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reduction, follows on nuclear fusion j while in Rhopahditj these evtntH: 
precede nuclear fusion- Such cases seem to ]Joint to a probalnlity that 
the problem of reduction was solved independently and in diHferent ways 
in different lines of descent. 

Nevertheless the term sporophyle has been adopted as a[)plicable 
collectively to the non'SeKual phase which interveties between sexual fusion 
and reduction in those plants in which it occurs. But, following the above 
reasonings it must not be understood to convey necessarily any community 
of descent for all the bodies which it covers. It seems probable that the 
establishment of the sporophyte, whether by a process of intercalation or 
otherwise, has taken place Independently in several distinct phyla : thus 
the sporophyte-stage in them, though in some more lax sense it may be 
styled “homologous," is not to be held as “homogenetic”- nevertheless, 
useful analogies may be drawn between the corresponding phases in 
distinct phyletic lines. 

But, on the other hand, comparison within groups that are held to be 
akin gives strong reason for recognising that there has been a shifting of 
position of the event of chromosome-reductio]i in certain lines of descent, 
and that the balance of the generations has thus been altered in the 
evolutionary course. For instance, it seems probable that in the Uredineae 
there has been a deferring of the event of reduction after sexuality, with the 
result that the bi nuclear phase has attained considerable dimensions, the 
same seems probable also for the Ascomycetous Fungi, though along a quite 
distinct line. A similar intercalation has been suggested in the Florideae. 
Such conclusions can only become cogent when the cytological details are 
known in a large number of related forms. But the most familiar, and at 
the same time the most prominent and permanent example is that of the 
Archegoniatae : in these there is a strong comparative basis for the belief 
that the sporophyte stage has been intercalated, or in any case greatly 
extended, in consequence of the deferring of the event of chromosome- 
reduction. It may be a question whether the post-sexual stage in the 
life-history of certain green Algae represents any phyletic predecessor of the 
sporophyte of the Archego niatae : it is quite probable that it did not, But 
this much is clear, that it occupies the same position in the life-cycle, and 
it gives at least the suggestion how the Archegoniate sporophyte may 
have originated. According to the antithetic theory as applied to the 
Archego niatae, the complications of post-sexual nuclear reduction, involv- 
ing, as they are seen to do, at least four nucleated cells, supplied the 
star ting -point for a diploid somatic expansion. That is the theory which 
is adopted here as reflecting the probable mode of origin of the alternation 
in the Arcbegoniate series. But it is only right to acknowledge that it 
is not fully demonstrated either by the cytological facts, or by comparison 
with the alternation in the Thallophytes. The latter can only supply 
suggestive analogies so long as the actual phyletic origin of the Archegoniatae 
reiTiains as obscure as it now is. It becomes, accordingly, an object of all 
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the greater interest to trace such internal evidence as there is of the method 
and manner of the ituercatation of the diploid phase in the llfe history of the 
Archegontatae : and an important question will be what circu instances they 
probably were which conduced to fixing permanently the alternation that 
resulted, and to making it so constant a feature as it has been in the 
upward development of the green plants of the Land. This will form 
the subject of the next chapter. 



CHAPTER VI. 


THE BIOLOGICAL ASPECT OF ALTERNATION. 

The phenomenon of Alternation of Generations may be vie\vefi in 
various ways* and the history of the science shows that the different 
aspects of this subject have presented themselves in a natural succession 
according to the progress of biological thought. First it seemed sufficient 
merely to observe the fact that successive], more or less distinct phases 
occur in the life of the individual in certain groups of plants. In the 
case of the Pteridophytes this was the gradually achieved result of the 
labours of various workers antecedent to or contemporary with Hofmeister ; 
but subsequently the discovery of a similar succession of phases in other 
organisms than those in which it was first observed suggested at once their 
comparison : such comparison was placed upon a secure footing for 
Archegoniate plants by Hofmeister himselh Then followed the pursuit 
of such comparisons into the region of the lower and simpler Thallophytes j 
but this led to some confusion at first, owing to premature attempts to 
reduce all organisms w'hich show sexuality to one rigid scheme as regards 
the successive phases of their lives. On the other hand, in similar com- 
parisons with the higher Flowering plants, the issues were temporarily 
obscured by discussions over the Alternation of Shoots*' found In some 
of them, and by the confounding of this with Alternation of the more 
fundamentahy distinct Generations seen in the Arcbegonlatae. But these 
temporary clouds w-ere in great measure cleared away by Celakovsky, when 
he drew the distinction between ‘‘Homologous" and “ Antithetic ” A Item a- 
tibn. His comparisons, however, were still, like those of Hofmeister and of 
Sachs, based essentially on form; nevertheless, he arrived at conclusions which 
we have seen in a previous chapter to coincide very nearly with the opinions 
current at the present day, and this notwithstanding that those opinions are 
now based on facts which w^ere quite inaccessible to him. The writings of 
Celakovsky may be said to have brought the formal study of Alternation to 
a close. His conclusions were widely accepted at the time, though Botanists 
of the weight and standing of Pringsbelm still stood aloof from them A 

' Pfingsh. Bd. ix., also Scott. UrttisA Asi&ctatioit k'^pori^ Liverpool, 1S96, 

Adilresi to the Baianical Section. 
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The Succeeding phase of the history has been one involving first 
physiological and subsequently minute cytological cousidcTations. The 
study of the effect of external conditions on the succession of stages of 
the developing organism, initiated by Klebs in 1889, led at once to the 
recognition of the fact that ui certain plants that succession is mutable 
according to circumstances, while in others the succession is obligatory. 
The distinction between different types of the life-cycle of organisms thus 
established was found to coincide very nearly with the distinction drawn 
by Celakovsky between “homologous^' and “antithetic” alternation, and 
thus his general position came to be greatly strengthened. But another 
effect of the experimental lest was to open up more definitely than before 
the problem of origin of this obligatory succession of phases, in those cases 
where it exists ; it also accentuated the difference belw^een the antithetic 
or true alternation, and those other appearances which bear a superficial 
resemblance to it. Hut meanwhile the question of the rise of the neutral 
generation was being approached also from the point of view of adaptation, 
and a theory of its origin in an amphibious mode of life, which it will be 
the object of this chapter to develop, was already being advanced as an 
explanation of the progress and final dominance of the sporopbyte in the 
plants of the land. It is clear, how'ever, that adaptation would only account 
for its advance, not for its ultimate origin. This amphibious theory was 
based upon physiological considerations, together with closer obser\^ation 
of the origin of the sporogenous cells, their limitations, and their relation to 
the tissues which are merely vegetative. Lastly, more careful observation 
of the details of sexuality and of spore-production led to the generalisation 
on the basis of minute nuclear structure r this put the cytological cachet, as 
well as a structural check upon the conclusions already drawn. But the 
existence of a chromosome-difference bet^veen the two generations turns 
attention afresh to the question of the ultimate origin of the obligatory 
succession of phases : it suggests that the origin was in sexuality, and in 
those post-sexual complications which are so frequently the consequence 
of nuclear fusion. Naturally these several phases of the study of alternation 
have overlapped one another, and proceeded in some degree coincidently. 
One of the interesting features in the history is that their results have 
often run so nearly parallel as to yield a high degree of mutual support 
It has been remarked above that up to the time of Celakpvsky the 
study of alternation was on the basis of form 3 but it is now clear that the 
merely formal comparison of different organisms, or of their successive 
stages one with another, cannot suffice for the full solution of the question 
as to the real nature of alternation. The case of the structurally similar 
but cytological ly distinct generations of Dkfy&ta show this, while the differ- 
ence of the propagative organs which they bear confirms the distinctness 
of the two generations. In the Florideae also, there are no definite structural 
details which serve as formal differentiating characters between the pre-sexual 
and the post-sexual stages. Such examples will probably be multiplied as 
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cytological investigation progTes5es» but tbo&t; (|Uf)ted will sulfite to shnw thui, 
for those who accept the cyu>logiciil distinction of the iilLernaiing gcneratiojis^ 
the mere distinction on ground of form is insulhcicnt. 

The existence of certain cases of akeination, demonstrated cytologically^ 
where, as in the form of the two generations is substantial l> the 

same, and of other cases in wliich, as in the Archegoniatae, the genera- 
tions dilfer fundamentally in form as w'ell as in points of struct ure^ raises 
a physiological question which has wide bearings. 'Fhe external conditions 
to which, in the past as well as now, the two gepierations have been or are 
exposed must be considered in their relation to such differences^ Now', iti 
Diciyota^ and also in Ptiiysipkttitk^^ since the two forms grow on the same 
coasts, at the same lime, and about the same spots, it is obvious that ilm 
conditions to which they are exposed are substantially the same : knowing 
how closely form is dependent upon circumstance it is not surpiisin" that 
the two generations should be so much alike. 

In the case of the Uredineae^ again, the external circumstances of 
the iw'o cytologically distinct stages of the life are alike, both being 
internally parasitic : in form their mycelial stages are also alike, and their 
difference of character only becomes apparent on the formation of the 
propagative organs. Similar remarks will apply, perhaps with less cogency, 
to the post'sexual developments in certain Ascomycetes, the circumstances 
of which do not differ materially from those of the prc'sexual phase, and 
in this may be seen some illumination of the fact that they show for the 
most part mere variants upon the simple filamentous form. Thus, for 
certain Thallophytes in which cytologically distinct generations have been 
recognised, there is a remarkable similarity in form of tlie two generations: 
this probably finds its true explanation in the fact that the biological 
conditions to which they are respectively exposed are relatively uniform, 
and have been so throughout their descent. 

But with the Archegoniatae the case is quite different : the cyto- 
logically distinct and alternating generations differ w'idely in their characters 
of form and structure. The question, therefore, pre.'^eiUs itself, what is 
the biological and ultimately the phylogenetic bearing of this very obvious, 
and at the same time widespread fact ? Far-reaching it is indeed, for 
Jt affects all the characteristic vegetation of the land. Taking, first, as 
the most prominent example, a typical Fern^ the gametophyie, or 
prothalluSi shows in its more delicate structure and in. its habit, as well 
as in the way in which the sexual process is effected, an adaptation to 
moist conditions, under which it grows best; while its ultimate function, 
that of sexual reproduction, cannot be carried out without the presence 
of external fluid water : it is, in fact, typically sembaquatic in its nature, 
sharing many of its main characters with the green Algae from whicli 
we have some reason to believe that the land-flora originated. 'Hie 
sporophyte, on the other hand, is fitted by its more robust texture, as 
well as by its differentiation of tissues, for successfully enduring exposure 
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to the air under coti^paraiivelj* dry circumstances, ’ivhile dry weather is 
important for the dispersal of the spores, which it is the finat function of 
the sporophyte to produce: thus the Fern, as we normally see it, is an 
organism with, so to speak, one foot in the water, the other on the land. 
Calling in also such evidence from phylogeny as we can command, it 
w'ill he generally accepted that the gametoplryte is the older and pre- 
existent generation ; it corresponds to the gametophyie as seen In the 
Liverworts, or in the green Algae : and if we trace the descent of the 
Archegoniate series from some green Algal forms, we may recognise 
that the gametophyte of the Ferns letHains the chief Algal characters, as 
regards both its texture and its sexual process. The sporophyie, on the 
other liand, is the younger generation : among the present green Algae 
there is hardly any body strictly comparable to the sporophyie, nor is- 
it to be expected that there should be^ if, as above stated, the sporophyte 
is typically sub-aerial in its characters, while the green Algae are typically 
aquatic. A comparison of the successive families of the Archegoniate 
series suggests the progress of the sporophyte, from small beginnings, as 
illustrated in the Hiyopbytes, to larger si/.c and greater complexity of form 
and structure, as seen in the Vascular Cryptogams and Gymnosperms: 
its advance is accompanied by a corresponding reduction of the gameto- 
phyte, and the w^hole is to be correlated wuth a progression from the 
aquatic or semi-aquatic habit of the lower forms, to the very distinctly 
sub-aerial habit of the higher. It may accordingly be concluded that the 
alternation which is so prominent in the main Archegoniate series is the 
result of adaptation of originally aquatic organisms to sub-aerial conditions 
of life : it may, in fact, be distinguished physiologically as an amphibious 
alternation, which finds its morphological expression in the difTerence of 
external form and internal structure between the more ancient gametophyte 
and the more recent sporophyte. 

It is an important fact that in the main Archegoniate series the antithetic 
alternation is normally constant, though the balance of the two generations 
may varyi the constancy of the phenomenon makes us enquire why it 
should be so : the circumstances w^hkh have encouraged this constancy 
seem to have been these. The Archegoniate series probably sprang 
from green aquatic forms, inhabiting, as so many of the green Algae 
now do, shallow fresh Tivatfer, or the higher levels between the marine 
tide-marks : the sexual reproduction was effected through the means 
of external water, and if other conditions were favourable it could be 
carried out at any time through the water which was always present. 
Certain forms, perhaps thereby escaping from competition, spread to the 
land, where access of water was only an occasional occurrence : iri these 
the sexual process could only be effected at time of rains or floods 
or copious dews ; and even then might not take place unless the sexual 
organs were fully mature: thus less dependence could be placed upon 
sexuality for propagation, and an alternative method of increase of individuals. 



AMPHIinOUS HABIT 


had to be substituted. This was done by the profliiciKiii tjf the ^poro- 
phyte from the zygote i once fertilised a zygote loiglii in tliese plants 
divide up into a nuinber of portions (carpos|)()res), caeh of whieh would 
then serve as a starting-point for a new individual ; and dr)^ eircuinstanex% 
under which they would be powdery, would favour their dispersion, as 
in the lower Liverworts. In proportion as these plants spreaci to higlier 
and drier levels (in accordance with the advantage wbid^ they gained liy 
escape from competition, and more free exposure to light for assimilation) 
the chance of a frequent recurrence of the circumstances nece^isary for 
sexual reproduction would Lie diminished, and the dependence upon 
carpospores for propagation would increase ; consequently the number of 
spores produced by each sexually formed sporophyte must he large]', if 
the race is to survive, and be in a position to compete. Any increase 
in the number of spores entails greater supply of nourishment during 
their formation : this in the phylum of the Hryophy tes is chiefly sujjplied 
from the gametophyte, which shows distinct adaptation to subaerial habit, 
while the means of nutrition on the part of the sporophyte itself are in 
these plants very limited, and the external morphological complexity of 
it very slight. Jn other phyla, however, such as the Filicales, Ljcopodiales, 
and Equisetales, the sporophyte itself assumed the function of nutrition : 
a higher morphological differentiation of the parts followed, and a more 
clear distinction between the organs wdhch W'cre to supply the nutriment 
(stem, leaves, and roots), and the parts devoted to the formation of 

spores (sporangia) i this for the first time stamped the sporophyte with a 

character of independence and permanence, while the number of spores 

produced might now be practically unlimited ; in these respects the 
Pteridophytes are immeasurably superior to the Biyophytes. One strange 
point in the whole story is, however, the tenacity w^ith which these plants 
(under the obvious disadvantages which it entaib when their habit is 
sub aerial) retain their aquatic type of fertilisation : it is only when we 
reach the Phanerogams, where the sporophyte attains its climax while 

the gametophyte is almost abortive, that we see the sexual process 
accommodated to that sub-aerial life which had led to the dominant 
position of the sporophyte; for in them the fertilisation is siphonogamic, 
being carried on by the pollen-tube : these plants are therefore independent 
of external fluid water for their fertilisation, and this fact has doubtless 
contributed largely to their present ascendency. Uhen, as in the preceding 
sketch, we consider what the results of the migration from water to land 
must have been, the permanence and constancy of the antithetic alter- 
nation explains itself. Ihe permanence or morphological fixity of a 
phenomenon in any phylum is in a sense proportional to its importance 
m the well-being of the organisms: given a conservatism in the mode of 
fertilUition (which it is difficult to explain), the rise and progress of 
the sporophyte in the Archegoniate series appears to be a natural 
outcome of the migration from water to land. 
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rbe bioloykal, or aditpiation theory of antithetic alternation in the 
Archegoniatae, as embodied in the above paragraphs, was stated in my paper 
on alternation published in In 1S94 came Strasburger's Address 

on Periodic Reduction, delivered at the British Association meeting at 
Oxford.' He there introduced as a structural basis of antithetic alternation 
that cytological distinction of the two generations which had already been 
suggested by Overton:^ this at once gave a definiteness to alternation 
which it had never possessed beforen He adopted a view similar to 
that above stated, as a biological explanation of the rise and final dominance 
of the sporophyte, and pointed out how its gradual development can 
actually be traced, the first indications of it being apparently to be found 
in the Algae : they are to be sought in such post-sexual complications, 
connected probably with reduction, as are seen in Qedt^gomnm. There 
is» however, no direct evidence of the origin of any Archegoniate form 
from any Alga i all that can be said is that, given such a multicellular 
body as the post-sexual stage of certain green Algae, the biological conditions 
of migration from water to land and of an amphibious life will sufficiently 
account for the further advances which are exemplified in land-plants. 

This IE, then, the working hypothesis wLich will form the basis for 
our further enquiry* It will be necessary, however, to analyse the advance 
of the sporophytei which is thus contemplated, from its simpler beginnings, 
and to consider the several factors which have been involved. Having 
done this, the enquiry will be made, what evidence there is in plants, 
living or fossil, that these factors of advance have actually been operative. 
The initial factor appears to have been sUrdisaiion^’' that is, the delay 
of reduction by the conversion of cells which are potentially, and were 
ancestrally, sporogenous, into cells which serve no longer a propagative 
but a vegetative function. It will be readily seen that this is a necessary 
biological consequence of any considerable increase in the number of 
spores; and it has been pointed out above that such increase is a biological 
advantage, especially in those plants where a land habit places restrictions 
upon increase in numbers by sexual propagation. The larger the number 
of spores the greater the powers of competition, and the greater the 
probability of survival, and of spread. On a biological theory, the nutrition 
of the increasing number was secured by the coriversion of some of the 
potential germs to form a vegetative system, which should provide for 
nutrition and protection* It was naturally important that these tissues 
should be established in the individual before the sporogenous tissue 
which it is their function to nurse: and accordingly the time of spore- 
production was deferred, and a vegetative system, ultimately *of great 
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extent* was ititercalated. Hnt spore-prodiiciion follows sooner or hUei 
in the normal life of every sjxjropbyte, even of the most elalxirale; aiul 
in the constancy of this process in all normal life-cycles is to he seen 
one of the strongest supports of the antithetic theory. 

A second factor has beeti the of which 

in the simpler forms is a concrete and continuous tract of cells, into 
numeroils more or less distinct pockets* or spotaa^ki. Closely connected 
with this, though not a necessary consetjuence of it* may follow the 
increase nr decrease in ftnndfer of fhe sparangta tlnis distinct from one 
another. There is good reason to believe that the methods of morpho- 
logical advance in former times were not essentially different from those 
to be seen reflected in the plants of the present day. If that be so, 

then a careful stody of the modes of variation of number of sporangia 

seen to be effective now, should indicate the methods which have led 
in the past to the condition seen in vascular plants* in which the number 
of sporangia is as a rule large 

A third factor has been the origin of ike appendkuhir organs of the 
shoot^ and the origin nf the roofs. These changes have more than anything 
else contributed to modification of the form of the plant-body. But though 
these were such important steps* the mode of origin of the appendicular 
organs and roots is still a subject for surmife rather than for definite 

opinion. If, ho\vever, the development of the individual be accepted as a 
guide* a reasonable view may be arrived at, which will be stated later. 

Beyond these, which ai e the three fa nda mental factors of advance of the 
growing sporophyte^ are others which, though later in point of time, have 
had very far-reaching effects upon the organisms in which they appeared ; 
such* for instance, as the abortion of parts : the initiation of the 

heterosporous state, and of its ultimate consequence* the seed-habit ; also 
the adoption of the siphonogamic fertilisation* and of the various adaptive 
methods for transfer of the pollen* as exemplified by the higher forms. 
These factors are all closely related to the process of spore-product Ion, 
which we may regard in point of history to have been the primary function 
of the sporophyte. 

On the other hand* the vegetative system* which w^e may regard as 
being collectively secondary in its origin* has shown many characters 
which may be held as adaptive. The differentiation of tissues has provided 
first the means of construction of fresh organic material within the sporophyte 
itself, so that in place of being a body dependent for its nutrition 
upon the parent gametophyte* it became a physiologically Independent, 
self-nourishing organism. Further* the establishment of a conducting 
system secured the necessary facility of transfer of materials from point 
to point L this becomes specially necessary where the formation of appen- 
dicular organs has brought about a large proportion of external surface 
to bulk. lastly* Che appendicular organs themselves are open to 
differentiation* so as to subserve definite functions : such as* absorption* 
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carbon assiinilation^ protection, propagation, and a variety of more special 
duiiej. 

In the present work it is not proposed to enter into any detailed 
discussion of those later evolutionary advances, which are more especially 
shown by the higher Seed-Plants. The attention will be chiefly directed 
to the more fundamental features involved in the establishment of the 
sporophyte as a factor in terrestrial vegetation, and chapters will be devoted 
to sterilisationj to the methods of increase and decrease in number of 
sporangUf and to the origin of appendicular organs. The attempt will be 
made to gather from living plants {and from fossils also as far as possible) 
such- evidence as there is which will bear upon the working hypothesis 
sketched iii its broad outlines above. For this is the only satisfactory 
way of testing its validity in the absence of more direct evidence. Definite 
proof of the truth of the biological theory of alternation need not be 
anticipated. What is possible is to show such a degree of reasonable 
probability as will justify its acceptance. For this the evidence available 
appears to be sufficieni. 



CHAPTER VIP 


STERILISATION. 

It has been the practice from early limes of Descriptive Botany to designate 
the leaves which, produce the sporahgia in Ferns and otEier organisms as 
ihe fertile leaves^ those which carry out a vegetative function only the 
slertie leaves. The similarity of form which these shoa- one to another 
readily established their dose relationship ; middle forms are frequently 
found between them, partly sterile, partly fertile ; and any conversion of 
the fertile into the slenie would, to preserve uniformity of terms, be 
designated a process of sUri/lsatw?i, 'FSie term thus applied to a leaf, or 
a pinna as a whole, will be properly applied also to its constituent parts, 
and so ultimately to the individual cells composing them ; and thus, 
wherever a cell that is normally sporogenous is diverted from that 
function to any vegetative office, the process may be styled one of 
sterilisation of that cell. It seems necessary thus to justify this use of the 
word, since recent investigation has attached a defiriite structural meaning 
to the change involved in those cells which art diverted from the office of 
spore-production. Us cytological significance lies in the fact that chromO' 
some-reduction, characteristic of fertile cells, docs not take place in 
them. Without the historical explanation it might appear strange to 
describe this change of nuclear behaviour as sterilisation; but on the 
grounds of old custom this term will be retained throughout the present 
discussion^ 

In the Archegoniatae and in Seed-Plants the Utrad-tlivlshn is the 
■criterhu the fertile or tporogenous eelL It is true that among the 
highly specialised Seed-Plants this tetrad-division may sometimes be omitted ; 
but putting these exceptions aside, it is the formation of a spore-tetrad 
which is the final distinctive mark of a sporogenous cell as distinct from 
a vegetative cell. But long prior to the appearance of this distinctive 
condition the sporogenous cells may in most cases be recognised with a 
high degree of certainty. They commonly form a clearly defined sporogenotis 
group, distinguished by the dense protoplasmic contents of its ceils, and 
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in the later stages by tbeir large nuclei. Vascular Plants each sporo- 
genoiis group is as a rule derived by division from a single celli or a row 

or sheet of cells, and in favour- 
able examples it may present the 
appearance of a compact mass of 
tissue, which may readily be re- 
ferred in origin to a single parent 
cell (Fig, 43), But the details of 
those divisions which result in 
the sporogenous group show great 
diversity in different plants^ while 
in a not inconsiderable number of 
cases the limits of the sporogenous 
group are not found to be strictly 
coterminous with the tissue-pro* 
ducts of definite initial cells. It 
is only by a careful study of the 
successive stages of development 
in each individual type of spore- 
producing organ that it is possible 
to assign the limits of origin of 
its sporogenous group. When this 
has been done, and the genetic 
story completely made out, the 
cell or cells which are found to be the ultimate paredt’Cells of a single 
sporogenous group are designated its ar^htsp^rium (Fig* 44)* The same 
terms are also applied in the case of the 
Bryophyta, the chief diffeience being that in 
them the sporogenous tissue of each individual 
forms only one concrete group* 

In not a few cases the whole product of 
the archesporium becomes converted into spore- 
tetrads* and ultimately into spores ; but this Is 
not always so. It frequently happens that in 
the course of development certain cells which 
spring from the archesporium are diverted to 
other functions than that of direct spore^pro- 
duction ; a good instance of this is seen In the 
sporangium of Psih(um (Fig. 45). It will be 
well to consider carefully how such a case as w=.ii. 

this is to be regarded from an evolutionary Kariy of rtcwi^pmeni of «(.«■ 
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point of view, for it will be seen later that the sporajpenous grotrp AMgin^tcs f^ a 

i ' _ ^ ''^archespoTial cel], Xmn. 

same reasoning as is used in the present case 

is applicable to a great number of others also. Adequate investigation 
shows that In the sporangium of PsUotum^ all the cells of the sporogenous 
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group have a common origin, and as sister cells they cievelojj alike at 
first t they may therefore be held to he equipotential cells (Fig. 45 t:). 
The concliision that they are so is supported by coittpa^rison with plants 
having some degree of afhnitj^ with Psihfum, such as LviUpHimm : here 
all the cells of a sporogenovis group essentially similar to that of Psihium 
are equipotential ; all of them norniially undergo the tetrad -division 
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and develop spores- But in Psil&titm the originally umform group 
differentiates at a relatively late period into fertile and sterile cells, the 
former having dense protoplasm* and undergoing the tetrad-division ; the 
latter having less dense protoplasm (Fig, 45 p) : these become dis- 
organised without tetrad -division, and their substance goes to nourish 
the young spores (Fig. 45 e). The conclusion to be drawn is that in 
Pnl&htm all the cells of the sporogenous mass are potentially sporogenous, 
as they are in Lyc&podium^ and probably were actually fertile in ancestral 
forms: that some of them have been sl^rilised^ that is, diverted from 
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spore- production before the tetrad-division. It is a secondary matter 
morphologically that in this case their existence is brief ; but physiologically 
it is important, for they are sacrificed to furnish better nutrition to the 
others which remain fertile, and produce spores. The structure seen in 
Fig* 45 is thus to be iirterpreted as indicating the si€riiis<^£hn qf certain of 
Mf potendaiiy fertih alh in the sporogcnous group of Psihtum^ 

A second example Illustrating this partial sterilisation of a sporogenous 
group may be quoted: it is selected from among the Bryophytes; but 
the same arguments as in the previous case will equally apply here. 
Fig. 46 illustrates two stages in the development of the sporogonium of 
Antura : the younger shows the clearly defined, hemispherical Internal group 
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of cells of the sporogonial head, which are equivalent, Jf, inasmuch 

as they have a common origin ^ but they are already differentiated into two 
distinct regions, a peripheral fertile region, of which the cells are shaded, 
and a central sterile region. The former differentiates at a later stage into 
spore-mother-cells and elaters: the latter forms the sterile elaterophore, 
The whole hemispherical group corresponds in position to the body 
similarly placed in other Hepaticae, which have no elaterophore, and 
in which the whole region develops into spores and elaters. This case 
therefore illustrates an advanced stage of sterilisation of tissue which may 
be held to be ancestrally sporogenous throughout. But the final fate of 
the sterile cells here is not merely to serve as evanescent nutritive cells; 
for the elaterophore and elaters are a permanent tissue and permanent 
cells, which remain till the ripeness of the spores, and are functional iri 
their dispersal. 
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Such Strrv'e to sho^v cliat there are good grounds for holding 

that sterilisation of individua] cells of the S[)orophytef %s"hich by their origin 
are to be recognised as potentially fertile, does take place; and that such 
cells may be diiei'led to a tcmporaryj or to a more permanent use 
111, connection with the production of spores, Thus we are justified 
in liolding that sierilisatiorit which is the initial factor in the 
working hypothesis sketched in the previous chapter, has been actually 
operative. 

It will be impossible here to enumerate all the cases where evidence of 
sterilisation of potentially fertile cells has been brought forward ; but some 

of the more prominent instances of it 
will be quoted, .At present it is the 
mete fact of sterilisation which is before 
us, not the biological consequences 
which follow in facilitating the nutrition 
or the dispersal of spores, nor yet the 
morphological advances which may 
result. These aspects of the matter 
will be left over till the several groups 
of the Archegoniatae are specially 
discussed. 

Among the Liverworts the simple 
Kicciaceae have centrally an undiffer- 
entiated sporogenous tissue; but as a 
rule in the March an tiaceae and Junger- 
manniaceae the almost spherical mass 
of sporogenous tissue becomes differ- 
entiated as development proceeds : 
cells, singly or in groups, instead of 
undergoing the tetrad division, are 
developed in a vegetative manner, 
either as nutritive cells {Spha€rocarpus\ 
or as elaters of various form and 
arrangement (compare Fig, 46, of 
A neural In the Anthocerotaceae, on the other hand, the archesporium 

is a dome-shaped layer surrounding a central columella ; but the products 
of this layer do not only form s pore-mother-cells, but also numerous 
sterile cells arise from it, which develop as an irregular network enclosing 
the mature spores. In point of fact, in the Liverworts it is the exception 
rather than the rule for the whole of the sporogenous tissue to be fertile, 
though this is the case in the simplest of them. 

In the Musci, on the other hand, the whole of the cells developed 
from the de Unite, single-layered archesporium normally pi-oduce spores ; 
but the archesporium is relatively small compared with the bulk of the 
young sporogonium : it shows an apparently arbitrary limitation at its 
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margin- Fig. 47 illuErtratcs how ihe series of cells of the archcs[>fjriiniii 
is continuous both upwards and downwards beyond tlie limit ol its fcrlbity: 
this indicates a probability that its nwirgitial limitation has been due U> 
sterilisation, a view wliicb is strengthened by comparison with 
(Fig- 4S) ; for there the archesporluin is in the form of a complete <lome : 
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a sterile condition of the cells at its apex would give a barrel-shaped 
archesporium^ as is seen in the Hryineae, 'I hus it will appear that any 
evidence of sterilisation in the IMusci is less diiect than that in the 
Hepaticae. 

Evidence of sterilisation of potential sporogenous cells is common in 
the homosporous Pteridophyta t and, as in the Bryophyies, the function 
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of the arrested cells is sometimes sEmply nutritive^ sometimes they form 
permanent tissuemasses. lo Lympotfium and Phylhghssum, and in the 
homosporous Ferns, after the sporogenous tissue is first defined, all its 
cells normally imder^^o the tetrad -division, and develop spores 3 occasional 
cells may become disorganised without full development, though, as a 
rule, all the potentialities are realised. But among the Marattiaceae, 
where, as a rule, all tl:ie cells of the sporogenous groups are fertile, a number 
of exceptional cases have been noted : the most remarkable is that of 
in wlrich it has been shown how certain cells of the larger sporo- 
genous groups remain sterile, and may be developed as lapeium, or even 
as component cells of a partial septumi (Fig, 49). Somewhat similar 
conditions have been seen in Kau^fi{&sia^ Maraitra^ and Angiopttris. 
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In other cases it has been found that only a portion of the cells of the 
sporogenous group are fertile, as already described for Psihiam (Fig. 45) ; 
this has been shown to be the case also in TmisipUrh^ and in Equhdiini 
(Fig. 50), and it has heen described also as an occasional feature in the 
Ophioglossaceae. In all of these a varying proportion of the sporogenous 
cells are sterile, and become disorganised without forming tetrads. As 
the proportion of the sterile to the fertile cells is not fixed, an elastic 
arrangement exists which leads to the largest number of spores being 
brought to maturity that the plant at the time can support. The limits 
of the sporogenous tissue in early stages are difficult to define in these 
large sporangia, and they show considerable irregularities ; this is especially 
so in Tjnesipterii^ and Ophioglossum^ and it appears to be partly 

due to the ill-defined and broad tapetum which is formed peripherally. 
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partly to the fact that owing to sterilisation the delinitivc fertile cells {lo 
not form a coirtimioos mass. 

Among heterosporous forms, sterile cells arc commonly presci^t in 
the female sporangium (Fig. 51): ti^ere h good reason to think that 
arrest of potential sporogenoLis cells has greatly favoured the advance in 
si2e of the relatively few remaiiting megasjHires. Ihit apart from this> 
the case of is interesting^ since there is evidence of sterilisation 

both in the mega- and micrO’Sporangia, and in both it lias resulted in 
permanent tissue-masses. In both types of sporangium an extensive 
potential sporogenous tissue is formed, which is at first uniform in 
Structures as it was also iti origin. In the m Eeros porangimn considerable 
tracts of this tissue differentiate later as vegetative trabeculae and taj>etumj 
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while the remainder forms microspores. From the history of development, 
and from comparison, the conclusion seems justified that the trabeculae and 
tapetum in this case represent sporogenous tissue which has been com'crted 
irito sterile tissue^ serving nutritive and mechanical purposes in the very large 
sporangium (Fig. 52). Similarly^ in the megasporangium there is sterilisa- 
tion, but it has been carried much funherj and it has been possible to 
show that the megaspore- mother-cells are not morphologically predetermined, 
hut ate physiologically selected from among a large number of potentially 
sporogenous cells : also that each archesporlal cell gives rise to several 
tnegaspore-mother-celb, as well as to trabeculae and tapetum (Fig. 5^) 
(Wilson Smith). Thus there has been a differentiation of tissues of uniform 
origin, and a large part has been diverted to functions played by sterile 
vegetative tissue. Very similar sterile tracts of tissue have been seen in 
the large sporangia of Ltpidosirobm and their origin by 

Sterilisation is highly probable^ though naturally this is hardly susceptible 
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of demonstratioJ^ a fossil. The general conclusion may be draw*n from 
such cases as those cited* that sterilisation has played a considerable part 
in the sporangia of Tteridophytes. 

In Seed-Plants also there is frequent evidence of sterilisation of cells 
of a potential archesporiunij both in niegas]>orang{a and in microsporangia. 
In the latter^ e^‘anlp 3 es have been seen in which a considerable proportion 

of the cells of the sporogenons group are 
obliterated in much the same way as in Psihtmn. 
But in the anthers of not a few Angiosperms 
partial or complete septa of sterile tissue may 
formed in plants whose near allies have 
their pollen-sacs non -septate* Thus* in the 

Onagraceae the stamens of most of the genera 
^ are of the ordinary quadrilocular type ; but in 
the genera Circaea^ G^itra^ Ciarkia^ and 
Kutharidium the four loculi are each divided 
X-^ transversely by one or more sterile septa : these 
"S septa may consist of only a single layer of cells 

}f^ having the character of tapetum* or of two 

^ layers, or even of four or more, of which the 

^ middle layers then resemble the tissue of the 

7 ^ connective. An examination of early states of 
development of these anthers shows that the 
^ septa result from sterilisation of part of the 

y spoi'ogenous tissue* for in sections it is seen 
1 ^ i^'iQ that the sporogenous cells and those which will 

form the septa originate from a common layer 

' ^ I ' V.' i. -u 

corresponding to the archesporium of normal 
anthers of the family (Fig* 54)- ^ similar 

Slate of things has been described in certain 
of the Mimoseae Caiitdfidra^ Acadat 

Albizzia\ in many of which there are eight 
polien-sacs in place of the normal number of 
four; while In others {Farkid) the number 
may be much larger. Here, again, the 
developmental history shows that sterilised 
archesporial tissue provides the septa which 
divide the four original pollen-sacs into eight 
or more loculi. ^Vith these may also be compared the cases of Vhcani 
and Lorantht(E* Developmental study of the anther of Fkiz^phora 
has given the same result : in its massive anther the small pollen- 
sacs are very numerous, distributed over a large surface : Warming has 
concluded that the anther became multilocular by the arrest of the 
further development of certain parts of the pollen-forming tissue (see 
Fig. 72, p. 142), Such exam pies j which by no means exhaust the list, 


r^rC i>F hi seCLton i 
ariKiuin af The celt auirked 

(w) fs ihc only fertile i|ibire*ni[>rher. 
cell, the rebf are tinder£oin|$ 
live divisions-, including I he Cell (q) 
ai ^tiown by other seotLoni^ of the 
SCf iei. Thus s^tcrilLiation nilTects the 
utrijoriiy of ihe cells of the 
SiporogeHau& group. X74J. (After 
Wilson SnriLLh.) 
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show that sterilisation of sporogcnoas cells is not imconimon in the anthers 
of Seed-Plants. 

Evidence of sterilisation is also found in the ovules of SeetU Hants. 
Among the Gymnospermst the Gnetaceae show an archesiioriiim consisting 
of a group of hypodennal cells : in Guemoit^ which is the Ijesi 

known example, these gii e rise to a considerable mass of sporogenous eolls^ 
but only one embryo-sac is finally matured. In the Cycads tile case is 
similar, inasmuch as there is a considerable tract of sporogenous tissue, 
though only one embryO’Sac matures. In the Coniferae also there is 
frequently a multicellular archesporium, and several embryo-sac-motber-celE 
have been seen to enlarge In and Setptitia^ but in most of tliem 

only a single one. Among Angiosperms a condition very similar to that 
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in Gntium is seen in Casuanna (Figs. 55, 56): this case is particularly 
interesting, since the potential embryo-sacs are not simply obliterated by 
the growth of the favoured one, but some develop into tracheides with 
thickened walls — a proof that permanent sterile tissue may be formed from 
potentially sporogenous cells. In certain Amentiferac also a similar 
formation of tracheides has been seen. A multicellular archesporium is 
common, besides, in other Archichlamydeous Dicotyledons, eg. in the 
Ranunculaceae and Rosaceae, and some others (Fig. 57) ■ but it is 
apparently less common in the more advanced Dicotyledons and in the 
Monocotyledons. The examples thus quoted sufhee to show that sterilisation 
<jf potentially sporogenous cells is frequent both in the microsporangia 
and in the megasporangia of the Seed-Plants. 

And thus it is seen that evidence of sterilisation is widespread: it is 
found in all the main groups of the characteristic Flora of the land, both 

o 
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in honiospOTOus ai'id in heteros|>orous forms; the sterile cells may be 
functional sometiines only as transitory, nourishing cells; or they may 
persist as permanent tissue, foiining in some cases i>artial, in others even 
complete septa. 

The converse case, vi/. the conversion of cells normally sterile into 
fertile cells, is a much less common pbeiiomenort, though instances of it 
have been observed. This change is not to be confounded with the 
formation of whole organs of propagation, such as sporangia, in places 
where they do not normally exist- what is here meant is the change in 
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individual cells, which are normally vegetative, to the sporogenous condition. 
A case of this has been recorded by Lanzius Beninga in a specimen of 
Synirichia suitulafa ; certain cells of the normally sterile columeila were 
found to be undergoing tetrad’division prior to forming spores : a similar 
condition has also been noted by Ktenitz Gerloff in a species of Btyum.^ 
It has also been seen in rare cases in the Pteridophytes, that cells outside 
the limits of the normal sporogenous group, but contiguous with it, may 
show the characters of fertile cells* But the most distinctive case, which 

^ Lanslus BeniTiga, Beifragt ¥* d. itm. fi&jtei d* iS47> 

T&b, 58, Figs. 9*» 9**; Kienitz G^jfbET, Bot. ZeiL, 1878. p. 47 * Taf. 2* Fig. 



STKRILK CKLLS OCCAS[ONAl.LV 


99 

has been fully made ouU is dial uf 7 t the normal synan^ium 
of this plant has when mature iwu loctili, divided by a septum some live or 
six layers of cells in thickness. Certain syiiangia of small sisre are found 
about the limits of the fertile /.ones : they appear non-septate, and it has 
been shown that the cells of the septum in such cases develo[> as fertile 
cells, undergoing the tetrad-division (big, 5 S). Such examples show that 
occasionally a reversion may occur from cells normally sterile to the 
function of spore -pro duct ion. flitting together the two converse series of 





Longiludin^il sections of qvuIoa slt^wing niulliccllul.ir archc^porifli. A, Xf = Asitf 6 r^ 
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Murbcck.] F=CaU{pfitis tmniliirixt. (After Llt^'d.) G = Qu(r^sii xj^o. 

(Aftflr CenrAd.) I’rojn Coidli-tr And CliAOithcrl^itn, 


facts— of sterilisation which is relatively common, and of reversion to the 
fertile state which is comparatively rare— two conclusions may be drawn ; 
first, that the facts indicate a preponderance of the former over the latter 
in plants now living : in them sterilisation appears to be a more potent 
factor now than reversion, and it has probably beeii the same in the past 
also. Secondly, it may be stated generally for Archegonlate and Seed- 
bearing Plants, that spore-production is not always strictly limited to, or 
defined by pre-ordained formative cells or cell-groups. 

Voechting has formulated the proposition that ‘*No living vegetative 
cell of the plant^body, w-hich i$ capable of growth, has a specific and 
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unalterable function/' ^ Tbis thesis should be exLended so as to include 
also spofogenous cells : for^ as we have seen, many cases can be cited of 
the conversion of celh which are normally sporogenous to a vegetative 
condition, and occasionally the converse. The facts before us show that 
vegetative and sporogenous cells are not things apart or essentially 
different, but that they are on occasions mutually convertible. The 
influences, external or Internal vvhicb act upon the embryonic cell, and 
determine whether it shall be vegetative or sporogenousj are still obscure : 
but clearly they act within restricted limits, for in Vascular Plants neither 
superficial cells of the plant- body nor deeply seated cells have ever been 
found to develop as sp ore-mot her-cel Is. 
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The conversion of potentially fertile cells into vegetative cells was 
recognised by Naegeli, and embodied by him in his fundamental law of 
organic development, as follows: "The phenomenon of reproduction of 
one stage becomes at a higher stage that of vegetation. The cells which 
in the simpler plant are set free as germs, and constitute the Initials of 
new individuals, become in the next higher plant part of the individual 


organism, and lengthen the ontogeny to a corresponding extent.”^ The 
sterilisation seen in the sporophyte of the Archegonlaiae and Seed-Plants 


IS only one special case of that included under Naegeli’s" general law* 
He points out that the law Is realised in three different ways, and the 
case for the sporophyte generation, with which alone we are at present 
concerned, falls under the first head, expressed by him follows ; "The 
propagative cells which arise by division are converted into tissue cells." 


^ p. 24 1' 


^ /ii>fi'(iinim<tt^i/fAref^ p. 35 ®' 
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The general f^;auires of the change from a erogenous to a steiilo 
character tire associated usually ^vlth a less dense ]jrc>lu|jlasin and a 
smaller and less marked nucleus. If disorganisation he the ultimate falCn 
the wall breaks down, and the ideniiiy of the protoplast is lost, wlili or 
without fragmentation of the nucleus, as in Psilotum i or Iho proio 
plasm may shrink and collapse^ and the whole protoplast become 
highly refractive before the final absorption^ as in angiospennic ovules. 
If the cell is to contiime functional in a vegetative capacity, the changes 
are those usual in cells passing from the embryonic to the mature condition. 
It has been stated above that the occurrence or absence of the tetrad- 
division, and of the consequeiU chromosome-reduction, is the ultimate 
criterion of distinction between a fertile and a sterile cell : in the majority 
of cases the distinction has been drawn on the basis of the results of 
subsequent development, itot on that of actual observation of the nuclear 
changes. It is not, however^ probable that this has led to any 5eri<jus 
errors, since the tetrad-formation which follows on chromosome-reduction 
is a sufficiently distinctive feature in all cases escept in the ovules of 
Seed-Plants. This being so, it is not surprising that the most exact nuclear 
observations of sporogenous cells, in wl’iich the sterile or fertilt; development 
is a critical question, have been made on the ovules of certain Angiosperms, 
vie, in the case of the apogamous species of the genus Akhemiiia^ The 
exact questions connected with these plants do not come before us here; 
but in their elucidation Strasburger had reason to follow* carefully through 
the development of certain embryo^sacs, as regards their nuclear condition. 
He found that an archesporial cell having entered the condition of an 
embryo-sac-rn other-cell, its nucleus passes through the prophases of the reduc- 
tion-division, up to the stage of synapsis. The embryo-sac mother-cell then 
alters its trend of development and becomes vegetative, and its nucleus 
passes out of the synapsis condition into that of a typical division, instead 
of continuing the reduct ion -division. The cell thus remains a i>art of the 
tissue-system of its parent, not the initial cell of a new generation. Such 
a case is interesting in that it shows how a cell may tremble on the verge 
between the sterile and the fertile state. It leaves, however, still open 
the question as to the inHuences, external or inner, which determine its 
fate. These probably vary in different cases, and the problem would 
naturally be a simpler one in the Homosporous Archegoniatae than in the 
Ovule of an Angiosperm. It seems obvious in the simpler cases to suggest 
nutrition as one potent factor : it is a necessary axiom that an increasing 
spore-output, which is an advantage in increasing the probability of survival 
and dissemination, demands increased nourishment and protection : and 
that a vegetative system increased by sterilisation will tend to provide this 
But still the advantage gained may be quite independent of the real 
cause ; we ate not yet in a position to translate the nutritive demand into 
terms of a direct influence upon the individual cell. It seems useless to 

^ Strsiburger, “Die Apcgaiwit der Eualeiiiniillen,” Band sM,, k 
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specLilaie upon such questions : for the present it is b^st to be content 
to recognise as An unsolved problem what those influences are which 
encourage or check reduction in any individual cell of a sporogenons 
tissue at the critical moment. 

In concUisioni the question may be raised how sterilisation is to be 
viewed; is it an advance or a retrogression? If the antithetic theory of 
altenmtion be true, then sterilisation must be regarded as an evolutionary 
advancCj as far as it influences the whole organism. According to our theory, 
it is by successive stages of sterilisation, following closely upon the heels 
of increase of potential sporogenous tissue, that the vegetative body of the 
sporophyte originated, and enlarged. A new phase of life of increasing 
importance was thus intercalated, the end and result of which was primarily 
an increased spore-output. But its origin was, conversely, in restricted 
propagative development of certain cells. Inasmuch as this has tended 
to a higher state, and greater success of the whole organism, it may be 
hdd to have been an advance. But as regards the individual cell, 
sterilisation can only be held to be a check to its development, as it 
prevents it from taking direct part in the final end of the sporophyte, 
which is the production of new germs^ 

From the examples quoted there is ample proof that sterilisation of 
potentially fertile cells does occur : thus from living plants the evidence 
is supplied of the existence of that factor which is the first essential of 
any theory of Origin of the sporophyte by expansion from the zygote. Il 
does not necessarily follow that the first vegetative tissues of the sporophyte 
did originate in this way; all that can be claimed is that plants show 
not uncommonly today such a conversion of cells from the propagative 
to the vegetative state as the antithetic theory would demand. 



CHAPTER VIII. 


THE SPORANcnUM DEFINED. 

There are two main types of construction of the s[:iorophyie in Archegoinate 
plants which differ in essential features. In the Bryophyte-type it is a 
body dependent on the gametophyte, without appendages of any sort, 
and with the sporogenous tract as one concrete archesporiimi, while the 
spores are consequently contained in one nO[>septatc sac. In the Pterido- 
phyte type it is an independent organism, with roots and foliar appendages, 
while the archesporia are discrete and usually numerous: accordingly the 
spores are contained in many distinct pockets : titese are the 
There is no definite indication bow' the polysporangiaie state of the 
Pteridophytes came into existence j but w'ith a view to forming an opinion 
it will be necessary to enquire into the characters of the sporangium, 
and to separate the essential features from the non-essential. 

In any ordinary sporangium of a Fern the following parts are to be 
recognised : the sfa/k^ which supports the sporangial ■ tlie latter cos waists 
of the wa//, with an opening-mechanism, the ; within the wall at 

an early stage is the ar^h^spotium ; later, the iapHum is differentiated, w'hich 
Surrounds the sporifg£timi& group ; ultimately the tpons are matured from 
the latter (compare Figs. 4 to S). It will be necessary to consider which 
of these parts are constant in sporangia at large* and which are inconstant 
or only occasional parts. It will be possible thus to arrive at some estimate 
as to which of these are essential and which ;are merely accessory parts 
of the sporangium. 

Comparison shows that though sporangia are often stalked* still there 
’ftre many others which are quite sessile* and Indeed immersed in the tissue 
of the part which bears them {Fig. 59): this indicates clearly that the 
staik is not an essential part of the sporangium* 

In all the Archegoniatae the spore-m other-cells are covered externally 
by the sporangial malii this is a protective sheet of cells, which may be 
of variable thickness and structure : it serves the several purposes of protec- 
tion, of nutrition, and in many cases of dehiscence, and of mechanical ejection 
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ot the spores. The e.vjeni of the wall as such is closely related to th^ 
position of the sporogcnous cells : where these are deeply sunk, the wall 
IS a mere roof over them : ivliere they are carried outwards by the growth 
of the tissues surrounding them, and a projecting sporangium is formed, there 
the wall envelopes theiti as a tissue of greater extent. But in either case 
it is continuous with the tissue of the sporangium -bearing part, of which it 
is to be regarded as a specially developed region. Tliis view of it accords 
well with the structure of sunken sporar^gia, as in Ophhgioismfi (Fig. 59)^ 
in which the tissues of the wall are continuous with and little differentiated 
from the cognate tissues of the spike. The same is the case with other 
Ophioglossaceae, even in those where the sporangia project; but in these, 
as also in the Ly copods and Kquiseta, there is some further specialisation 

of the wall for dehiscence than 
in the deeper-seated forms^ In the 
Filicineae still more exact specialisa- 
tion is the rule, and the mechanical 
a ft fi it ins becomes a marked feature 
in the stalked sporangium. But a 
com[>arison of the Marattiaceae and 
other Ferns leads to the conclusion 
that the presence of an annulus, 
and its elaborateness, are to be 
correlated with the freedom of the 
sporangium from mutual relations 
with other bodies. I'he annuli ts, 
in fact, is still only a specialised 
region of the sporangial w^alL This 
conclusion accords with the facts 
of its inconstancy, for sporangia 
which open under water may have 
no such mechanism. That is the 
case In Isoefes^ while the sporangia 
of the Hydropterideae are also entirely without an annulus ; hot is there 
any stornium in them, which would localise dehiscence. Lo^soma is a 
specially interesting case, for there the annulus, though indicated by the 
cell-divisions as complete, is only partially indurated : as a matter of fact, 
the part of it which is not indurated could not possibly be mechanically . 
effective, owing to the mode of packing of the sporangia in the sorus 
(Fig. Go). 

The general conclusion to be drawn is^ that while the protective wall 
itself is always present, those mechanical arrangements collectively desig’ 
natcd by the term ''^annulus" are not essential or constant parts of the 
sporangium, however constant they may seem to be In certain groups : 
where they cannot be mechanically effective they may be entirely omitted. 

Nor is the i^petum to be looked upon generally as a morphological 
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constant, notwitlistai’idin^ \hi\\ U shows sotiu' consiunry o( character ii> 
certain circles of affinity. Sometimes it is not differentiated at all, a conditira^ 
which holds throughout the Hryophyta : in other cases it may appear as 
a more or less definite hand of cells, which originates from the tissues 
surrounding the sporogenous cell or group of cells, sometimes from the 
sporogenous group itself In some cases a large nuinlx."r of cells of the 
sporogenous groups act like a diffused tapetuin, hecoming disiiuegiated 
during the development of the spores : in Etpiisi-fitm 

both a diffused tapetum of 
this nature is fouiidj and also 
a definite single-layered tapC’ 
turn, which originates outside 
the Sporogenous group. In 
Lyt^ffpodiiimy and in the ^^ar’ 
attiaceae the tapetum arises 
from cells outside the sporo- 
genous group : in other cases, 
such as Sela^itieiZit and the 
Leptosporangiate Ferns, tlie 
tapetum may consist of cells 
cut off from the sporogenous 
cell or celhgroup. There is 
' indeed good reason to think 
that there has been a pro- 
gressive change of origin of 
the tapetum within certain 
circles of affinity : speaking 
generally it may be said that 
indefinite and non-specialised 
nutritive arrangements are 
characteristic of larger and 
probably primitive sporangia, 
but more definite tapetal 
layers are found in the smaller 
and probably derivative : and 
further, that while in sporangia 
of relatively large size the 
tapetum usually originates outside the sporogenous group, in smaller 
sporangia of the same affinity it may be cut off from the Sporogenous cell 
or cell-group. Such a change appears to be illustrated by comparison of 
Ly£&podium with S^lagineUa^ and of the Maraitiaceae with the I.epto- 
sporangiate Ferns. The result of such comparisons is that the tapetum, 

however uniform it may be in function, is found to be variable both in 
occurrence and in origin, and accordingly It cannot be regarded as an 
essential or constant feature of the sporangium. 
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It reniailns to consider the ^rihesporium^ and the sporogenous group 
and spores ivl’iich artse from it. An archesporium, in one form or another, 
is a necessary constai'fcl in ilie development of a fertile sporangium : the 
forin, the liniitSp the mode of origin and of later segmentation which it 
shows, may vary, as indeed is seen to be the case in the different sporangial 
types ; but whatever its varbtions may be, it is in the archesporium, and 
in the sporogenous celts which it produces^ that we see the essential feature 
of the sporangium. It will be necessary, then, to examine it carefully, 
and to see how far ii is possible to attach a definite meaning to it. 

The term archesporium was introduced by Goebel, ^ and defined as 
follows : “ In the Vascular Cryptogams, as in the Phanerogams, the 
spore-producing tissue may be universally referred as regards its origin 
to a cell, a celhrow, or a celhsheet : — I designate these original parent 
cells of the sporogenous tissue as the archesporium.'^ To this he added 
that “in all Vascular Cryptogams examined an hypodermal archesporium 
exists, ’ thus definitely localising it in a position comparable to that 
in the Spermophyia. He remarks, however, later that he does not lay 
special stress upon the archesporium being always a cell-row or celhsheet, 
and contemplates it as possible tliat sometimes the development may 
proceed otherwise than by the appearance of an archesporium of the 
form described. An examination of all the types of sporangia of living 
Pteridophytes has shown that this is the fact 3 a considerable number of 
cases have been observed in ivhich the archesporium is not hypodermal, 
in that it is not defined by a single periclioal wall of the parent cells 
involved, 1 he existence of many exceptions among Eusporangiate 
Pteridophytes suggests a reconsideration of the archesporium, ^Ve may 
enquire whether a definite meaning is attached to the term, and if so, 
whether that meaning is of general application. 

The effect of Goebel’s investigations on the sporangia of Pteridophytes 
was to extend downwards from the Phanerogams the demonstration of a 
formative cell or cells to which the origin of the spores may be ascribed. 
Before iSSo it was held that a mass of cells within the young sporangium, 
showing irregular divisions, took upon them the character of a sporogenous 
tissue: Goebel’s results led him, as we have seen, to the statement that 
the spore-producing tissue can be referred as regards its origin to a 

cell, a cell-row, or a cell-sheet, \vhicli can be distinguished very early 

by the nature of its materials from the rest of the ceJhtissue. This 

archesporium was successfully recognised in certain cases, and the 

tendency of the time was to expect similar success in all cases. Thus a 
special significance came to be attached to these cells, quite apart from 
that of the surrounding tissues, as being predestined from the first to the 
important function of spore-production ► 

The Location of the archesporium in the Phanerogams was found to 
be consistently hypodermal ; in a somewhat strained sense the same was 

18S0, p. 545 etc. 
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found to be the case iii many of the PieritJophj'tes. Jiut it was not 
’Sufficiently recognised that between the two lies all the difference between 
stratified and imperfectly stratified meri stems, f'his point was brought 
forward in 1896,^ in the proprisition that the study of the sporangia or 
synangia of a plant should be carried out in the light of a know'ledge 
■of the segmentation of its apical meristems," and the generalisation was 
Laid down that ‘Mvhere the apical meristems are distinctly stratihedi the 
structure of the young sporangium is stratified also : in those plants where 
there is a non stratified structure, with one or more initial cells, and 
frequent periclinal division of superficial cells near the apex of stem, Seafi 
or root, there the structure of the young sporangium is not distinctly 
stratified/^ Such exceptions to the hypodermal position of the arclie' 
sporium as have been found among the Pteridophytes all fall under this 
generalisation, and it may be added as a corollary that in all Vascular 
Cryptogams investigated, the sporogenoiis tissue is ultimately referable Eo 
the segmentation of a superficial cell or cells. This has been since 
noted by Wilson Smith,“ who has accordingly suggested that the term 
‘^archesporium should be extended to these also, and he gives the definition 
as follows: '^The cell, or group of cells, whether superficial or hypodermal, 
to which in a last analysis all the sporogenous portion of a sporangium 
’Can be traced, ought to be called the archesporlum/'^ 

The use of the term archesporium " has been discussed afresh by 
Goebel in his Organ&graphy (p. 771). He first describes the case for the 
anther of an Angiosperm thus : In each of the four angles of the anther 
a cell-row’ or cell-layer below the epidermis (hypodermal) divides by 
periclinal walls- Of the cells which thus arise the internal form the 
archesporium, the outer the ‘ schichizellen,^ which now divide still further 
by periclinal walls-" The archesporium is thus defined as the inner product 
’of the division of the hypodermal layer ; it gives rise neither to any part of 
the sporangial ’wall nor to the tapetum, though, since these have a common 
origin with It from the hypodermal layer, it is not clear why the latter 
should not Itself be styled the archesporium. l^assing on to the PEeridophyia, 
after noting how superficial cells give rise to the essentials of the sporangium, 
and that the details are not uniform, he proceeds (4^., p. 774): ^MVe 
may then designate that superficial cell or cell-layer as archesporium which 
sooner or later gives off sterile cells, ’^vhile in the sporangia of Angiosperms 
the archesporium is a cell-layer lying below the epidermis, iH’hich is already 
differentiated : with this the above-noted differences in walhstructure of the 
Pleridophyta and Gymnosperms on the one hand, and of the Angiosperms 
on the other would correspond.” This passage calls for the following remarks. 
In the first place, Goebel accepts the Conclusion of ^Vilsoii Smith, 
that since the sporogenous tissues of Pteridophytes are all referable in 
origin to superficial ceils, therefore those cells are to be recognised as 
the archesporium. By accepting this conclusion, it may be presumed that 

^ SiUiUts^ ii. , p. 3 . ^ SifL Cazitie^ voL ssix., p. 32^. 
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he approves of the method by which it is arrived at : that is, the method 
of recogitition of the archesporium b}^ "a last analysis” of cell-origin. 

Secondly, GoebePs method of recognition of the archesporium ia not 
consistent : he designates the inner product of the hypodermai layer in 
the Angiospermic stamen the archesporium* notwithstanding that the 
“ schiclititellen ' and the tapetuni are sisteoceMs with it. But in the 
Pteridophyia, on the ground of common origin by segmentation, not only 
the tapeium but also the s[Joiangial wall itself are described as derived 
from a superficial arche5j>orinm. If the recognition of an archesporium 
is to be based upon “a last analysis” of the segmentations, then the 
hypodermal layer of the Angiospermic anther, and not merely the inner 
product of its segmentation, is the archesporium. 

Thirdly, the recognition of the archesporium by the method of 
last analysis” brings together under a common head, merely on the ground 
of ea rly segmentations, things which are not really comparable, and ascribes 
a distinct origin to things which are indistinguishable when mature. The 
superficial archesporium of the Pteridophytes gives rise to part of the 
sporangial %va!l and of the tapetuni : the archesporium of the Angiospermic 
anther, on Goebel's definition, gives rise to neither. It is impossible to 
conceive how by any known evolutionary progression the former type of 
“ archesporium” could pass into the other, and the superficial cells be covered 
over : therefore the two are to be regarded as not truly comparable, Further, 
the recognition of superficial cells in the Pteridophytes as archesporial 
draws a distinction between part of the sporangial wall which originates 
from theui, and the rest which does not : thus in the Leptosporangiate 
Ferns the apical part of the annulus would be archesporial, the lateral 
parts would not* 

With all respect to the opinion of the vvriter who introduced the term. 
I think that this last change in its application, as suggested by Wilson 
Smith and accepted by Goebel, makes more obscure the meaning of a 
word which never has been clear. The Bryophyta provide a nduciio ad 
absurdnm of the method of “a last analysis”; for, following this method, 
in Sphaptum and some others the amphithecium would be reckoned as 
the archesporium, while in the ordinary Eryineae it would be the 
endothecium : or, carrying the analysis in the latter case to its extreme 
limit, the first segments in the upper lialf of the zygote, or even the 
ovum itself, would be the archesporium. 

The fact is that this sort of analysis of formative tissues has served 
its turn: it has led to much detailed investigation, which has, however, 
shown that the segmentations which lead up to the formation of spore- 
moth ercells are not comparable in all cases- The time has corne, m 
presence of many divergent details, to admit frankly, that there is no 
general law of segmentation underlying the existence of that cell or cells 
which *‘a last analysis” may mark out as the “archesporium*” arid that 
therefore the general application of such a term to those cells which the 
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analysis discloses lias no scientific meanings beyond the stateineiU of tile 
histiogenic fact. At the same tinier the value of the details whicli liavc 
been acquired by the pursuit of the archesyiorium must not be under- 
estimated for purf]t>scs of comparison^ What is dangerous is tlie attach niient 
to them of ulterior ideas: the assumption that because a definite 
“archesporiuin is often found, it should by rights he ahvaj^s present : 
and the effort to trace in its appearance homologies which seem based 
on forced rather than on natural comparisons. On the ocher hand, the 
term has become so established in the literature of the subject that it cannot 
be summarily discarded : it may be retained merely in a descriptive sense, 
in those cases where the cell or cells which give rise to the sporogeuous 
group are obvious, but in a descriptive sense only. . 

The discrepancies which become apparent in the course of develop' 
ment benveen different types of sporangia tend to justify the position 
already adopted by Strasburger on general grounds : he remarks ^ 
that the centre of gravity of the developmental processes does 
not lie in those cells, cell-rows, or cel I -aggregates w^hich liave been 
designated ‘^archesporium ” by Goebel; the archesporium sdll belongs to 
the asexual generation^ and the presence or absence of a well-defined 
a.Tchesporium is not a matter of importance, for it is merely the merismatic 
tissue from w'hicb the spore-mother-cells are derived. From the point of 
view of a theory of sterilisation ‘as enunciated abovCj. these spore-molhencells 
may be held to be, in the simpler cases at least, the residuum which a 
progressive vegetative change has left : in that case there is no reason to 
expect that the demarcation of these islands of fertile tissue should have 
followed any definite system in plants at large^ which would be reflected with 
any exact uniformity in the segmentations now' involv'ed in their formation, 
'rhe frequency of hypodermal origin of the sporogenous tissue in 
Va,scular Plants is readily intelligible biologically. In all except the ver> 
simplest sporophytes the spores are protected during development by tissues 
which surround them completely : this ensures nutrition and mechanical 
protection. In the Bryoph) ta the scattering of the spores would be equally 
efficient whether they be produced close to the surface or deeply seated, 
since the dehiscenccj whether by a terminal operculum or by longitudinal 
slit.-Sj gives free exit to all the spores of the continuous sporesac, and 
^cordingly the spore-mother-cells of the Bryophytes may be central, as 
in many Hepatics, or removed more or less from the centre by the 
occurrence of a columella, as in most Mosses, Hut in all Vascular Plants, 
where the spores are produced in separate pockets or sporangia, the 
dehiscence leading to dissemmalion is referred to the several sporangia 
themselves: this necessitates for them a superfidal position on the plant- 
body, or, better, that they shall project beyond the surface. 'I'he hypo- 
<iermal origin of the sporogenous tissue which is so frequent, may thus be 
recognised as a corn[irom]se between the two requirements of effective 

* A]f Botatiy^ vo], vEii^, p, 
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prot^chon and nutrition on the one handt tind ready dissemination on thfr 
other. Hut the compronnse nia}' Iiave worked out differently in different 
lines of descent, and. indeedi it appear,^ from the variety of the segmentations 
in the Pteridophytes that this has actually been the case. Prom this point 
of vievi' no difficulty need be fed to arise from the absence of any general 
law of £cgmentatiotv> leaditig up to live formation of spore-mot her- cel Is 
btitt on the otlier hand, similar and even definite types of segmentation, 
culminating in regularly segmented sporogenous groups resembling one 
another, may have been evolved along more than one line of descent. 

It catinot escape notice that in some cases the iftdhidtialiiy of thf 
iporauyiifm is not maintained. Certain synangial states are not uncommon, 
which Ciui oirly be regarded, from the evolutionary point of view, as 
results of either septation or fusion : where the fusion or septation is 
incompletely carried out, and partial septa are present, it becomes a 
question whether the wliole or only the part of the complex body is. 
correct])' to be termed a sporangium. This difficulty is very obvious in 
the spri of Danaca (Fig. 6i). The mere application of a term is naturally 
a tiLvial matter : the question which is really important is^ how far the 
Conception of the sporangium is to be modified by the existence of such 
cases. The current conception of the sporangium is based upon examples 
where it has a distinct individuality j in ihe Ferns and Lycopods, and even 
in the pollen-sacs of normal Angiosperms such individualised sporangia are 
seen. But it is a question how far the idea of the individualised sporangium 
so gained is an enlightening one from the point of view of descent. In 
the same way, the old conception of the cell as the structural unit of the 
plant-body was based upon the study of the tissues of the higher plants, 
ivhere the cells are for the most part individualised : it had to give way 
before the accumulated examples of ceUTusions, of polynucleate cells, 
and of non-ceUular construction in plants both higher and lower in the 
scale. Just as by comparison of such structures as these the idea of the 
cell has undergone modification, notwithstanding that cells are commonly 
definite bodies in the ordinary tissues of the higher plants, so may the 
existence of evidence pointing to sporangial septations and fusions modify 
the conception of the sporangium. 

The fact that sporangia originally simple have undergone septation has^ 
only been proved in comparatively few of those cases. The most 
complete demonstrations are those from the anthers of certain Angio- 
sperms, such as the Onagraceae, Mimoseae, Loranthaceae, Rhi^ophoreae, 
etc. In these the comparative argument is made valid by the existence 
of numerous allied genera, which give ground for close comparison^ for 
while many plants of these orders show the ordinary quadri locular anthers, 
in others the loculi may be subdivided by further septa, and thus a 
number of sacs take the place of each original one. The development 
shows that the septation results from the conversion of sporogenous tissue 
Into sterile septa. Similarly, an argument for fusion of sporangia can also- 
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be supporleJ oi: a basis of coinpari^on Aiii;ios]iermSt ii 

a less frequeiit cban^je : examples are i<> he found in ilie troaleseeint ovules 
of ceriaiTi Lora nth aceae, or In the ctnifluent potlen-saos of nortain (int- 
tifeae, etc. Among PteridophyieSj on the other hand^ the genera are s<j 
isolated as a rule that tlie comparative argument is difficult to a|iply ’ and 
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are lar^-ci and ^how one or rnorc jianial hc|)ia. x ™, C, Dy Ji, htiow suclt loouli witli 
(iarii^l septa in gre-iier <lc<,Til1 in D .ind Ji i[ is Jiflic^ult [o decide whether the cclin 
riiArkcd ff) u'ill devdoii as itipetuin or as iporcmoth-tr-cclli. x ija- 


in each case of a synangimn it may be a question whether the structure 
results from septation or from fusion. Eut without entering into these dis- 
cussions at present, it Is plain that either way the individuality of the 
sporangium is lost in such cases, just as it is in the Angiospermic anthers, 
and this is particularly clear where, as often happens, partial septa are found. 

In summing up the considerations contained in the above pages, it may 
be asserted for sporangia at large, that the individuality of the sporangium 
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IS not ahvjiys tnaiiitaiiied ; lhat the elevatioai of ttie sporangia relatively to 
the surface of the part which boars them is variable ; that while a sporangial 
wall is always present, the opening mechanisms are inconstant ; that the 
tapetum is inconstant in occurrence and in origin ; and that there is no 
general laiv underlying the segmentation of the sporogenous cell, or group 
of cells, so as to give it a constant hypodermal or other origin^ What then 
remains as the fundamental conception of the sporangium in Vascular Plants? 
Simply the spore- mother-cel I or cells* together with the protective wall. The 
definition f>f a sporangium will then be tids : ihtre it ff^und in 

Vascular Pianis txn isolated tporc^moihcr^cdl^ or a cofiftccted group of iAcnif or 
thetr products^ t/i/t, together n*ttk its protective tiisuct^ constitutes the ettential of 
an individual sporangium. 

Phis definition is open to criticism, as indeed are all definitions of bodies 
represented in a large series of variable organisms^ Stilb it brings out the 
point that the essential feature of a sporangium is the presence of one or 
more spore-mocher-cdlsi but without reference to the detail of their 
production, or to the structure of the wall which covers them. It has its 
value in ridding the idea of the sporangium of its accidental accessories* 
and fixing the attention upon w^hat is really essential. 

liut it will perhaps be objected that a sporangium may still be a 
sporangium though it may contain no fertile cells ; many imperfect 
structures may be quoted which have the form* position, and other details 
characteristic for the sporangia of the plant on which they are borne : 
they should thus to be ranked as sporangia. That is true; but as such 
bodies do not as a rule serve any useful purpose, it may be asserted that 
they w'ould never have existed independently of the fully formed sporangia 
of which they are the imperfect representatives. Such vestigial parts* being 
of secondary origin, need not disturb the conception of the sporangium as 
above defined. 

Finally, an important feature of the sporangium is to be seen in the 
fact that in so many cases the arcbesporium is not strictly circumscribed ; 
the sporogenous group has often ragged edges; in many of the Eusporangiaie 
forms it does not arise from any single archesporial cell* or definite group 
of cells; moreover, cells which are obviously sister-cells may not unfrequently 
be found to develop the one sterile, the other fertile. This su^ests on 
the basis of structure that the fertile tract is a residuum left by advancing 
sterilisation* while the ragged and ill defined limits point to the conclusion 
that the sterile and fertile tracts are closely related ; in fact* that they had 
a common origin, and that the final condition represents the balance struck 
between sterile and fertile development. From the point of view of the 
hypothesis of progressive sterilisation such sporangia may, at least in the 
simplest cases, be regarded as islands of fertile tissue which have retained 
their spore- producing character. It will be seen later how far this view 
will have to be modified in the more complex and derivative cases, such 
as the Leptosporangiate Ferns. 
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SOME GENERAL ASPECTS OF THE POLVSPORANGI A PE 

STATE. 

It has been pointed out in Chapter VL^ which dealt with the Biological 
Aspect of Alternation, that in the case of plants of aquatic origin migrating 
to the land an increasing production of non-sex ual gertns, or spores, would 
become important. Since under those circumstances dependence could no 
longer be placed on frequent recurrence of fertilisation, the production of 
numerous spores as a consequence of a single fertilising act will be essential, 
if the race is to survive and be in a position to compete and to extend 
its area. Other things being equal, the larger the spore-output the better. 
This should be constantly before the mind In the comparative study of 
the more primitive types of sporophyte* and the same principle should 
be applied to the more complex forms also, though in them the evidence 
is necessarily less obvious. 

The antithesis between the Bryophyta and the Pteridophyta, as regards 
the method of spore-production, is chiefly marked by the former having 
one concrete sporogenous tissue, the latter numerous discrete sporogenous 
groups which form the centres of more or less distinct sporangia. The 
Bryophyte type is essentially a limited one, for indefinite enlargement 
of the concrete sporogenous tissue introduces mechanical and nutritive 
difficulties : these are most urgent at the critical period of separation of 
the spore-mother-cells, when they are floating freely in the fluid contents 
of the spore-sac. In actual life the Bryophyte type is. almost always 
annual, and does not extend beyond limited proportions j nor is there 
evidence that it ever attained a larger size in earlier periods* 'Phis is 
exactly what biological considerations would have led us to anticipate. 

But in the homosporous Pteridophytes, given an enlarging vegetative 
system, which in them is usually perennial, there seems no limit to the 
number of sporangia which may be borne on the individual plant ; and 
as each sporangium Is of moderate size, the mechanical and nutritive 
requirements at the critical period of tetrad-division are suitably met, wliile 
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the total output of nporcs frotii the iinrnerous sporangia may be virtually 
unlimited : moreover, their production may be extended over many years 
on the same iiidividunal plant. Since, in the hotnosporous forms, each 
single spore is small, and therefore conveys with it only a small store 
of nutriment, the risks on germinatton are great’ a reasonable chance of 
success is. how^ever, secured by their large number. 

But w'lth the heterosi^orous condition complications arose. Owing to 
the storage arrangements in the enlarged female spore, this more specialised 
state leads to economy in number of the spores necessary to secure survival 
and spread of area ; for each female spore carries with it, in its higher 
store of nourish metU, a higher probability of successful establishment of 
an embryo, and a sufficient degree of propagative probability can thus 
be attained w'ith a moderate number of spores. Hence heterosporous 
types may be expected to presetit examples of reduction of number, not 
only of sporogenous cells, but also of sporangia. That is seen to be actually 
the case, and it might be illustrated by numerous examples. It w'iJl then 
be in honiosporous types, which are certainly the more primitive, that 
we shall e.xpect to meet with the best evidence as to the origin of the 
polysporangiate state, or with traces of increase in number of sporangia; 
in fact, they w'ill illustrate mote faithfully than heterosporous forms the 
upgrade of complexity of their spore-producing parts. 

On grounds of nutrition of the spores, and of stability at the critical 
stage when the spore-moth er-cells are floating in fluid, there is- a clear 
advantage in the segregation of the spores into separate pockets — the 
sporangia — as against anj^ method of indefinite enlargement of a single 
sac. It is probably such conditions as these which have also determined 
the limits of size of the individual sporangia of the' Pteridophytes, and led 
to some degree of uniformity in their dimensions^ But still considerable 
variations in size of the sporangia are found to occur, even in close 
juxtaposition on the same plant : this is most conspicuous in the 

Eusporangiate forms. Sometimes the difference in siEe seems to be 

dependent on nutrition ; for instance, it is usual to find about the upper 
and low'er limits of the fertile strobilus of Lycopods sporangia of smaller 
size than those about the middle of the fertile region: the same is the 
case in the Psilotaceae and in But in other cases this simple 

explanation will not suffice, for smaller sporangia may be found dis- 
tributed between the larger ones i this is especially so in the sori of 

the Marattiaceae, and a general survey shows- that in many of the 

Eusporangiate forms the single sporangium Is not quantitatively a definite 
unit. 

But though there may thus be wide variation of size of the individual 
sporangia in certain Pteridophytes, still In others their dimensions are 
often very uniform. In the Leptosporanglate Ferns, indeed, the number 
of spores in a single sporangium is often strictly constant. In that case 
change in the output of spores on the plant is effected by change in the 
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nuiiiber of the not hy vaiiaiioii of theii diniLi’isiotis ; iluis tht 

of the spornngia may eomc tn be an apprtjxtmate measure of 
the spore-oLitput, as it is in ha'!, ir^ the Ltptosporangiale l^^erns. 

The several tj-pes of Ptoriclophytos differ grgiUly ii^ the closeness of 
the relation of their sporangia to the axis of the shoot ■ it \vill he jMiinted 
out in detail below how the fi^e main aeries of them— the Lycopodiales^ 
the Equisetales, the Spheno])hyl]a]es, the Ophioglosaales, and the Filicalgs 
— exhibit successive degrees of enlargement of tJ^e apfiendicular organs, 
and of the consequent removal of the sporangia from the central a>;is. 
The strobiloid charactei; with small appendages^ and one sporangium at 
the base of each, or even seated on ilic axis itself, is c liarac ter i Stic of 
the Lycopods ; but this regularity is not characteristic of the larger -leaved 
types: thus the definiteness in number and in position of the s|)orangia 
relatively to the other parts* which is as a rule absolutely exact in the 
LycopodSi is less strictly obseT>'ed in the Equisetales and Sphenophyllales, 
and it is almost entirely absent in the Ophioglossales and Filicales, in 
which the s|X>iangia are borne upon the large leaves* far removed from 
the central axis : their number and their arrangement there tends to be 
indefinite* These facts may be summarised into the statement that in 
the Pteridophytes those forms winch bear their sporangia in closest relation 
to the axis show the most strict definiteness in their number and position : 
where the sporangia are removed from the central axis, being borne upon 
larger appendicular organs* they habitually show less definiteness in number 
and in position. 

The indefiniteness of number of the sporangia thus seen in the 
Ophioglossales and Filicales is an illustration of the variability of multiple 
structures, alluded to by Darwin as follows : It seems to be a rule* as 
remarked by Is* Geoffroy St. Hilaire, both with varieties and species, 
that when any part or organ is repeated many times in the same Individual 
(as the vertebrae in snakes and the stamens in polyandrous flowers) the 
number is variable : whereas the same part or organ, when it occurs in 
lesser numbers, is constant.” d'hat constancy is seen in the Lycopods 
in high degree: it is departed from to some extent in the Sphenophyllales 
and Equiseialcs, and it becomes unrecognisable in the Ophioglossalcs 
and Filicales, ii’i which the number of sporangia on each appendage is 
large. 

It has been remarked above that it is still an unsolved problem what 
those intimate influences are which determine the development of any 
specific cell of the plant-body as a spore- mother-cell on the one hand, or 
as a vegetative cell on the other. Ihis determination lies at the root 
not only of the limitation of sporogenous tissues, but also of the initiation 
and consequent number of sporangia* Tlie determining factors are proliably 
numerous: suitable nutrition is certainly one* Speaking generally, better 
nutrition is dearly connected with more ample spore -formation ; but it 
also well known that a plethoric stale may lead to sterility in ceitain 


TH1-: POLVSI’ORAXGIATE STATE 


1 [6 

iivhilc starvation may oonduco lo eaily flowering in jnaiiy AngiospermSi 
Thus the relation of lUitrition to tlie produclioii of sporangia is not of a 
s ini I lie character, (ioebel \\ 49 S) speaks of other factors, 

such as intensity of light, and internal conditions or correlations, as 
iiirtnenoiiig the production of sporophyllg. E>;peri men tally it seems easier, 
however, to convert sporophylls itito foliage leaves than to make foliage 
leaves fertile. He quotes, nevertheless, t!ie case of a Fern, allied to 
Acr<}$tkhu}}! in which an arrest of growth of the rhizome, 

after previous good nourishment, led to production of sporangia. This is 
a result .similar to that following root-pruning of fruit-trees. It reminds 
us also of the conditions found by Klebs to determine the production of 
reproductive organs in certaiti Algae and Fungi.- I do not suppose, 
fiowever, that the conditions will be found to be uniform for all sporophytes, 
any more than they have been for Algae or Fungif In any case, the 
present knowledge of the whole subject for Vascular Plants is indefinite 
and uncertain.^ 

I he itmt of distinctive development of cells as sporogenous cells varies 
in different plants: the following tentative conclusions may be drawn from 
such differences* ^Vhen in a tissue-tract the distinction between vegetative 
and sporogenous cells takes place relatively late in the individual, the 
presumption is that the distinction has been of late origin in the race. 
On this basis the conclusion has been founded in certain cases that increase 
in number of sporangia by septa t ion has occurred. A large potential 
sporogenous tissue having a commorr origin is first seen; but later it 
differentiates, part becoming actually sporogenous, part remaining sterile. 
It is concluded that these late-differentiated sterile tracts were once in 
the race fertile, and that they w^ere .subsequently diverted from this previous 
condition ; in fact, that the ontogenehc development reflects the evolutionary 
history. This is exemplified in certain Angiospermic anthers, in the 
synangia pf Imesipf^rh^ and in the partially septate sporangia of Dana^H' 
the same general argument holds also for the sporangium of IsmUi with 
its trabeculae. In other cases where the distinctive characters of the 
sporogenous cells or cell-groups are acquired earlier, the argument for 
septation is less clear, though on grounds of comparison a similar history 
of the structure actually seen appears probable* 

The cases above mentioned involve sporangia which are closely associated 
as synangia, and they are naturally initiated simultaneously. But differences 
of the time of distinctive development of sporogenous cells may become 
more obvious in sporangia which are separate from one another, though 
in close proximity upon the part which bears them* In those types which 
comparison, as well as the Palaeontological record, points out as the 

1 Raciborski, I9QO* p* 25* ^ Dh BidiniungeH dir Fortpjiafizitu^^ 1S96- 

determining conditions tiave been discussed by vfuiDus writers. See Diels, 
Jifgend/ortncit und Biiiif»r£ife im FFii»:itHreifAt Berlin, 1906, where rtfertnee is made 
10 the literature ou the subject* 
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earliest, the sporangia in neat' jiiLv:Lipnf;ilion show a simuhaeieous rarigin ; 
or some degree of suceossion nia> be seen fion^ those Larliei formed 
near to the base of the shoot or leaf, atuJ leadiitg to the apiou] le^ioo, 
wliere they appear latci. Such sinuiltanolty, oi such aerofactal HuccLSsioo. 
may be regarded as a primary condition, and it is seen in live f .ycopodiales, 
Equisetales, and SphenophyUales, as well as in those Ferns which are 
designated below the Simplices (see Part II.). But in certain Ferns, whic h 
the Palaeontological record, as well as comparison,, would mark oni as 
secondary, the sporangia In near juNiaposition do not arise simultaneously: 
somedmes, as in those which wilt be styled the fJradatae, there is a regular 
basipetal succession within the sorus, ttiose lowest on the receptacle 
appearing latest. In ijilhers, again, there is no sucli regularity, and sporangia 
of different ages are found promiscuously intermixed ; these Ferns are 
styled the i^Hxtae, and the Palaeontological record indicates that these 
were the latest to appear. Such facts, winch will be stated at length 
below (Part IL), may be summed up into the following general statemeoL 
In the most primitive forms the sporangia in near proximity to one another 
develop simultaneously, though an acropetal succession may often be 
traced on the shoot or strobilus as a whole. Those successions, whether 
in regular order or irregular, which appear in various forms upon the 
leaves, may be lield to be later derived^ and secondary. 

It will be readily gathered from the contemplation of those plants 
in which sporangia are numerous that accurate comparison of individual 
sporangia as identical bodies in parent and offspring, or in different, less 
closely related specimens, is not possible dn plants at large. For the most 
part sporangia are merely examjiles of ^'essential correspondence” rather 
than of “individual repetition.” The actual sporangia of the offspring are 
not coincident, as a rule^ either in esact position or in number with those 
of the parent. This is a consequence of that continued embryology which 
is a leading feature in all vascular sporophyies. As a consequence the 
individual sporangia of any one individual plant or species cannot be 
held to be the exact ontogenetic correlatives of those seen on anotlier 
individual or species. The possibility of such a recognition is most nearly 
approached m the Lycopods, w'here the sporangia are borne singly in 
definite relation to the axis and leaf. it is departed from furthest in 
the large-leaved Ferns: especially is this so in the Polypodiaceacj where 
the mixed character of the sorus is the rulei but most of all in such a 
case as that of Aspiifiicm anomaium^ Hk. and Arn.,^ a Fern found on 
the uplands of Ceylon, and sometimes regarded as a mere variety of 
A. atif/ea/um, Sw. : its peculiarity consists in the appearance of sori upoiv 
the upper surface of the leaf, where normally they do not occur. As 
there is no question of mere inversion of the leaf, it can only be assumed 
that there has been a transfer of the stimulus, whatever it be, to soral 
development from the lower to the upper surface of tlie leaf. Clearly 
the sori which result cannot be the ontogenetic correlatives of any 
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previously CJcisTetit in the race : much le^s is this possible for the individual 
sporangia of those sori. Such an example showsj in its most extreme 
form* how iinpossible it may be to comparej as numerically or locally 
identical ih^ otherwise similar i>arts, such as sori or sporangia : and 
this is most clearly so in the Ferns^ where the leaves are large, and the 
sori and sporangia borne upon them more numerous than in any other 
Vascular Plants- 

Wc thus see that the bomosporous Pteridophytes, which are certainly 
the more primitive, will be the best guide in questions of the origin of 
the sporangial state J and that these may be arranged seriaUy according 
to size of the appendages^ the strobiloid types being at one end of the 
series and the large leaved Ferns at the other. The forms thus arranged 
show more or less clear difiercnces in the sporangial characters : in the 
simpler strobiloid forms the sporangia are less definite units as regards 
spore- output] in the Ferns they have tended to become in the evolutionary 
course more definite units in this respect. In the strobiloid forms the 
relation of the sporangium to the axis is close, and as regards position 
and number it is more definite ; in the larger-leaved forms the sporangia 
are further removed from the axis, and their position and number tends to 
become more and more indefinite. In the strobiloid forms the time of 
origin of the sporangia in near juxtaposition to one another is simultaneous : 
in the largerdeaved forms it tends to become in various ways successive, 
while the palaeontological record shows that the most pronounced succes- 
sions have been of secondary origin. These distinctions will have their 
value in leading to a more precise statement of the problem of origin of 
the sporangial state. To this end it will be found desirable to keep 
distinctly before the mind those vascular types in which the nearest 
approach can be made to a comparison of the sporangia as numerically 
and locally identical. Among the homosporous Fteridophytes this will 
be found to be the case most nearly in the smaller-leaved strobiloid 
forms: and among these especially in the ancient phylum of the 
Lycopodiales. 




VARLVriONS IN NUMBER OF SPORANGIA, 

Notwithstanding tlie fitniilinrity of the fact that the polysporangiate 
state is the constant condition in ^'ascular Plants, little attempt has 
hitherto been made to analyse the methods of ^'a^iation in number of 
the sporangia which they bean But this would appear to be a promising 
line of enquify, for it may be held that an adeejuate knowledge of the 
methods of variation seen to be actually operative now should throw light 
upon the factors which have been operative in the pastj and thus sonte 
suggestion should be obtained how the divers polysporangiate types came 
to be as we now see them. To such aii end the facts drawn from those 
organisms which are held to be relatively primitive, such as the homo^ 
sporous Pteridophytesj will naturally bear greater w’ eight than those derived 
from more recent and specialised fornts, such as the Flowering Plants. 
Nevertheless it will be best to treat the question of change of number of 
sporangia first of all in its relation to the Vascular Plants as a whole, 
so that all the known factors may be disclosed : and it will be a matter 
for subsequent discussion to decide in any individual case which of those 
factors appear to have been operative in bringing that organism to its 
present condition. 

The subject of variation in number of sporangia in the individual or 
the race may be discussed either from the physiological or from the 
morphological point of vieiv : it is the morphological question which will 
now be brought forward* though ahvays in the light of physiological con- 
siderations. But I wish at once to meet the objections of those who 
will say from the physiological side that the number of sporangia depends 
on nutrition t this self-evident proposition neither eiiplain^ nor rules out 
the morphological question how a plurality of sporangia arose, nor how^ 
the great numerical differences which we see may have been attained : 
nor does it modify the effect which observations of their numerical change 
in the living individual* species, or genus may have on views of Descent 
of the plants observed* By such observation and comparison of living 
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plants it is possible to rec^ogiiise certain titethods of numerical change of 
sporangia, now or previously operative : these may either lead to pro- 
gressive fffm'iJSt’ in niimberf or to ^itr/nise in number. Under these two 
heads the following table shows tlie several methods of change in number 
of sporangia of which evidence has been found in living plants, but it is 
possible that the table is not eshaustive ^ 


I. Incrf.asf in Numijer of Sporangia. 

(fj) by septation, with or without rounding off of the individual sporangia^ 
(/') By formation of new sporangia, or of new spore-bearing organs, which 
may be Iei addition to, or interpolated between those typically 
present. 

(r) Hy continued apical or intercalary growth of the parts bearing the 
si>orangia. 

(f/) By branching of the parts bearing the sporangia. 

(t') Indirectly, by branchings in the non-sporangial region, resulting in 
an increased number of sporangial shoots; this is closely related 
to (A and [d]. 

IL Decrease in Number of Sporangia. 

(/) By fusion of sporangia originally separate. 

{^) By abortion, partial or complete, of sporangia. 

(//) By reduction or arrest of apical or intercalary growth in parts bearing 
sporangia. 

(i) By fusion of parts which bear sporangia, or arrest of their branchings. 
(/) Indirectly, by suppression of branchings in the non-sporangial region, 
resulting in decreased number of sporangial shoots : this is closely 
related to {k} and (f). 

Each of these factors of variation ivill now^ be discussed, and examples 
of them adduced. At the moment the object is only to recognise that 
such modifications of number of sporangia are or have been operative 
in actual cases, not to estimate the relative prevalence of any one: for 
it is necessary first to distinguish the factors of the problem. 


Facivjks of InCrslase. 

(^) Increase in number of sporangia by resulting in a plurality 

of loculi, where previous^ in the race the septa were absent, is showii 
in the septate anthers of various families of Anglos perms (Onagraceae, 
Mimoseae, Rhizophoreae, Myrsinaceae, Loranthaceae, etc.). The details 
have already been sufficiently described in Chapter VIL, p. 97. The 
argument that septation has occurred is in many of these cases quite 
conclusive : thus the plurilocular anthers of certain genera of the Onagraceae 
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have the numerous, small loculi arranged in Unw rows^ corresponding i[> 
position to the four pollen sacs of 0 \ii normal anthers in otliL-r gcnerji of 
the family, the onliy essential diflereiice from these beiTig the presence of ilu: 
septa which separate the lociilL The cells which form the sepia are similar 
in position to the archesix>] ial cells of the normal anther (Fig. 62), ami the 
conclusion is that certain of the archesporial cells arc no longer ferlilt, 
but develop to form the sterile tissue of Ihe septum. A similar arguniem 
will apply for other families of Angiosperms with varying degrees of 
cogency » according as tl’ie septate antheri> diverge less or more from die 
usual tjpe, or according to the less or greatei isolaiion ol‘ the genera 
which show the multilocular state. In the Pteridophyles also there are 
cases of jumposition of h>culi similar to those ir the septate anthers : 


A 




Ptei. Ca. ^ 

JoiifiiEyJtnfl I section of oite of a young staniun of 

inowtng difTfrentialion of itic iioEtnriAl nrChoporium into fertiW telln (*> rind ittrtic 
Ct!Jls By iimitiir median of stamen of tltsattf, mtuo ftjvjtnced^ n 

SEe^^^c septum diviJiijg Eho contcoti of the sLEij'Lif loCulus into- d i SE inoE sporcacDoub irrouiis 
/-tnpctuiii. x^fi5. 

conspicuous instances are found in the spike of Ophhghssum^ and in the 
sorus of Danam. Tint the development in the Pteridophytes gives le.s^ 
conclusive evidence than in the anthers of Aiigiosperms^ owing to their 
meristems not being stratified » and to the fact that the genera are 
more isolated* But though the facts in these plants do not amount to 

a complete demonstration, there seems a reasonable probability that 
septation has played a part among them also* Whatever view be taken 
, for these PteridophyteSji it is clear from the examples quoted from the 
Angiospenns that septation of sporangia previously in the race non-septate 
has been a factor of increase in number of sporangia. 

(^) the formation of new sporangia, or inferp&iaii&ft, is meant the 
initiation of a new sporanglal primordium, or of several, at a spot previously 
in the race not so occupied. The results of this mode of increase may 
in some cases be difficult to differentiate from those of septation, where 
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the products h;ivc rounded oiTi they will be best distinguished in 

the early stages of development. A good, dear example is found in the 
genus Ghkhenia \ tlie sorus of most species of the genus is of the radiate, 
Liniseriate type, in which the sporangia form a series round the receptacle, 
while the centre of it is unoccupied by sporangia : there is good comparative 
reason to believe that tliis was the primitive type of sorus for the genus, 
But in 6". dkhotimm additional sporangia, oite or more, are often seated 
in the central unoccupied space (Fig* 63)* Examination of early stages 
of deveiopinem shows that these s|:iorangia are not a result of fission of 
sporangia typically present^ but develop from new prlmordia not represented 
ill other species (Fig. 64). The interpolation, of which this is a simple 
case, becomes a more prominent feature in the Ferns which palaeontology 
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teaches us to regard as the more recent. Tlie succession of the sporangia 
characteristic of those Ferns which will be styled on that account the 
Gradatae, may be recognised as a repeated basi petal interpolation of 
sporangia on the receptacle of the sorus (Fig. 65 a), In the Mixtae it is 
still more prominent in the sorus, for new primordia, formed in continued 
succession, appear scattered between those which are more advanced 
(Fig. 66 ). But interpolation may take place not only of sporangia, but 
also of new spore-bearing organs between those typically present. This 
is exemplified in the interpolated stamens in certain flowers, the number 
of which is closely related to their bulk, and to the space available for 
them on the floral receptacle* Such interpolation of sporangium-bearing 
parts will clearly result in an increase in number of sporangia. The 
prevalence of interpolation thus seen in the Leptosporangiate Ferns, has 
given an entirely fictitious importance to this phenomenon in the general 
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morphology of Vascular Plants; wlhU the regularity and constancy in 
ntmibev and position of the sporangia in the Lycopods, Equiseta, and 
Eusporangiaie Ferns, in which interpolation does not occur^ has been 
underestimated. But these^ on grounds of comparisonj and of fossil history^ 
arc among the most priiniiive of Vascular Plants. Thus ititerpolation of 
new sporangia is to be recognised as an actual factor of increase in number 
of sporangia, hut it is not a general phenomenont and there is reason to 
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think that it has been Initiated as a secondary character, and in certain 
groups only. 

(4 Cmtinued apical growih cf the parts bearing the sporangia is a 
marked feature in most Vascular Plants : a concomitant of it^ in the case 
of axes, is a continued embryology, with the initiation of an indefinite 
number of successive primordia of spore* producing parts. This is con* 
spicuous in the axes of many Lycopods, and especially so In the Selagc 
group of Lyccp&dium, where it appears to be unlimited : in other species of 
the genus the apical growth of the strobilus also exists, but is of shorter 
duration (Fig* 67). Much the same is the case In other strobilotd types, 
with varying duration of the apical growth. The apical growth of the axis 
is apt to be less prominent where the appendages are large, as In the 
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Ophioglt>ssLicciic I’iliccS) mu! in tliosc tlio cniTtiimu^il grru^lli iiiuy 

largely devolve upon the spoio|ihylls. ^Iie eoiisei|vicnce of such growth 
h increased siccomniiodiidoh for sporangia. Similarly^ continued intereubry 
growth may effect die same end : as in the soi i of those Kerns <lcsignated 
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the Gradatae. These serve as examples of the way in which, by continued 
growth of the parts which bear the sporangia, a sequence of these may be 
produced^ which may be continued so long as the growth itself. It is clear 
from the examples adduced that such continued growth may occur in parts 
Vfhich are not morphologically comparable. In the more primitive Pterido- 
phytes it is answerable for extensive increase in accommodation for primordia 
of sporangia. 
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(</) Closely related to (A is tl’ie of farfs harhig sporangia t 

this n^ay also occur in parts \vbich are iu no way morphologically com- 
parable. Branching of strobili is a common feature in Lycopodium and 
Pfihlnm \ branching of the spoiophyll is cliaracteristic of most large-leaved 
Pleridophytes : branching of the receptacle of the sOrus is common in 

Ferns {Fig. 68): branching of the fertile spike 
i is a marked feature in certain Ophioglossaceae : 

branching of stamens is common in the Angio- 
spermic floiver^ and is to be distinguished from 
the interpolation above mentioned ; a somewhat 
similar branching of the sporangiophores has 
probably occurred in the Sphenopbylleae. In 
all such caseSj though the parts are not mor- 
phologically comparable^ the end is attained 
of an increased accommodation for sporangia, 
which consequently may be produced in 
j ^ ^ ^ increased numbers, 

the lorus in liymtmifhyUnm i(ih- Continued growth dud hi'dncfttng^ occur- 

itiiulrtt The ^nd one f1i|> _ ' ^ ^ ^ 

of I he iiiduMun) heeft removed, uOfhSp&rangiGl rcgtofty may havc 

leiving' I he reccjUMle eKpoicd. ^ . .■ 

xaboLits. the indirect effect of a further increase m the 

opportunities for production of sporangia j for 
not only is the vegetative system thereby increased, which will have its 
indirect effect in increased powers of nutrition, but also a larger number 
of apices are provided, any one of which may take up the character of a 
sporangial strobilus. The continued apical growth in the vegetative region 
is a general feature of Vascular Plants. Branching is profuse in many of 
the strobiloid Pteridophytes : in the Ferns also it occurs, but the effect in 
increasing the opportunities for spore -production is less obvious here than in 
the strobiloid types. In Flowering Plants also the complicated inflorescences 
and the multiplicity of floivers is dependent upon such apical growth, 
together with repeated branchings. 

Factoeis of DEcntjASC. 

{/) Decrease in number of sporangia, by fusion of sforungid which 
previously in the race were separate, has been assumed as an explanation 
of synangial states by various writers : but it can only rarely be proved on 
grounds of comparison that fusion of sporangia has actually taken place, 
and the best evidence of it comes from the Angiosperms, Thus the fusion 
of the ovules, leading indeed to the obliteration of their identity, occurs in 
certain species of LoranthuSi and comparison leaves little doubt that the 
sunken embryo-sacs represent the individual ovules, the identity of which 
is lost as regards external form. Fusion of pollen-sacs is more frequent; 
good examples, showing various states of the fusion, are found in the 
genus PhyUanthuSi and in Cyclant/tera \ while the unilocular condition in 
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Af'isarffm, aiid in can hardly bg; uscrihed to [iiiy uilioi 

source than the fusion of the |Jt)llen-SL\cSt supanUe in Uie ancestry ^ into a 
single loculus, rhns in the atulroecium of Angios[>cn’Lis. and oc< asionally 
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in the gytioecium, a fusion of sporangia is recognised, resulting in a reduev 
tion in their number, 'rhe ape?i of the male flou-er in Jifiupems 
has been quoted by Goebel as a probable example of fusion of pollen s^ics 
(Fig. 69). In certain Fteridophytes the grouping of 
the sporangia is often such as to suggest a previous 
fusion ; but this has not been proved on developmental 
or comparative grounds for any one case, and the 
question must be left open for discussion on grounds 
of general probability whether the synaiigial state in 
any individual case has been the result of fusion, or of 
seplation with incomplete separatioi’i of the sporangia : 
obviously the synangial structure would be compatible 
with either origin. Whatever the final decision f[>r the 
Pteridophyta may be, it is clear that fusion of sporangia 
originally separate has actually occurred in Flow-ering kk;. 



Plants: it is therefore a factor which must be regarded 
as a possible explanation of all synangial states. 

(g) Abortif/n^ partial or complete, of sporangia vvhicti 
were fully matured in the type or ancestry is so common 
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a feature that special examples need hardly be quoted Abortive polleiv 


sacs are commonly found on staminodes, and abortive ovules are frequently 
seen, as in Ammont (Fig. 70), which can only be accepted as the imperfect 
representatives of a plurality of ovules in the ancestry. In the Fteridophytes 


many examples of abortive sporangia have lately been described, and their 
very important morphological bearings will be discussed at length in 
Chapter XlIL Eui in connection with the circumstance that i>aits 
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initiated fretjuently not come to fuU maturity this further fact is to be 
borne in mind : that it is common in the ascending series of plants to 
find a larger number of primordia initiated than the individual can bring 
to full development- Consequently it will be necessary to discriminate 
bet'veen those in^ per feet parts ^vhich represent such as were fully matured 
in the ancestry, and those supernumerary primordia which do rot represent 
parts ever actually matured in previous generations. In point of fact 
unperfected primordia may, in some cases, really represent an exuberant 
tendency to progress, and cannot necessarily be assumed to indicate a 
state of reduction^ 

(//) T//e redifftiofi or t^rrfit of apiml or intercalary growth in parts 
bearing sporangia has doubtless been a potent influence in the pasb but 
it is somewhat difficult to point to concrete examples of it. The general 
fact that the floral axis in Phanerogams is abbreviated, while the axis of 
the strobilus in Pteridophytes is frequently endowed with continued apical 
growth, points to the probability of arrest of that apical growth. An 
example of it within a near circle of affinity is seen in the genus Lycopoduim\ 
for in the section Sclago the apical growth of the axis is unlimited, and 
the number of possible sporangia borne on a given axis is unlimited also; 
in other sections of the genus which are held to be more specialised) as 
the strobilus becomes more strictly differentiated from the vegetative region 
the apical growth is arrested early, and the number of sporangia produced 
upon it is limited also. In floral details this is illustrated in some families 
of Angiosperms : thus the Ranunculaceae include such forms as Myosurus,, 
with its elongated receptacle and indefinite number of carpels, and Actaea, 
with its abbreviated axis and only a single carpel. It seems probable that 
here also arrest of the apical growth has been associated with reduction 
of the number of sporophylls and of sporangia. 

(/) Fnsi&n of parts which bear sporangia is not so susceptible of illus- 
tration in the Pteridophytes as in the Angiosperms. A most convincing 
series of reduction is laid out in the Araccac by Engler, involving fusion 
of stamens, accompanied by reduction in number of the pollemsacs {Nat. 
Pflanzcnfam, 11 . i., p. 107). Many examples might also be quoted from 
other AngiospermSj e.g. Cucurbitaceae, Euphorbiaceae, where fusion of parts 
is connected with reduction in number of the sporangia which they 
bear. A suppression of branchings of sporangium-bearing parts may also 
be a factor : it has at times been assumed in theoretical writing, but it is 
difficult to give conclusive examples of it. 

(y) Indirectly the arrest of apical growth and the partial or cmnphtc 
suppression of branchings in the non-sporangial region may affect the 
number of sporangia produced. The abortive buds at the base of 
inflorescences of Aconiiumj for instance, or the abortive spikelets in 
Cynosurns are examples of potentially larger numbers of spore-producing 
branches arrested before they bear sporangia. Such arrests of growth 
and of branching may have been more prevalent sources of change than 
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is apparent externally, for In the absence of vcslS^^ial parts tlK^re wimld 
be no trace of what had happened. 


The methods of change thus emnnerate<I are, then, the known factors 
which affect the morphological problem of origii^ and present condition 
of the polysporaiigiate state. Aiiy one of these, or more, may have been 
represented in the history of descent of any polysporaiigiate sporojuhyte 
as it is seen today. The examples quoted show that the methods 
enumerated are seen to have been actually operative in definitCi living 
instances, Possibly these heads do not exhaust the methods cjf change 
of the present day nor of the past, and the list is open to additions. 
We are justified in assuming that (subject to the jx^ssibility of other 
factors having been operative of which we are yet unasvare) the condition 
of any polysporangiate sporO[)h> te as we see it is the resultant of piodifi* 
cations such as these operative during its descent. The problem will 
therefore be in each case to assign its proper place in the history to any 
or each of these factors. Hut in each case the physiological probability 
of any modification which the structure would suggest should be con- 
sidered before it is admitted as part of the evolutionary story. Especially 
is this desirable in determining the probable relative prevalence of modifica’ 
tions of increase as against those of decrease. It is only in this way that any 
apparent morphological series can be put upon a convincing footing as 
an evolutionary sequence. In complex cases, however, it may be a matter 
of difficulty to analyse a progressive change, and to decide which of the 
factors enumerated have actually been involved. 

It will be obvious that a complete account, in any given case, of the 
^teps which have led to its present poly spo rang iate state involves a full 
knowledge of its evolutionary history— a knowledge which is far beyond 
present powers, "J'he advantage which an attempt lo analyse the factors 
of sporangial modification brings, however imperfectly it may be carried 
out, is to simplify the problem in certain definite cases. For instance, 
if in a whole phylum of living plants a certain mode of sporangial 
increase be unrepresented, and if the related fossils show a similar absence 
of it, then it seems just to hold that that mode of increase may be 
dismissed from consideration in the probable evolutionary history of that 
phylum. The case of interpolation already alluded to is one in point : 
in connection with this it is necessary to reconsider and examine certain 
old habits of thought which have too long dominated such discussions 
as the present. About the middle of the nineteenth century it was habitually 
maintained that the Polypodiaceous Ferns were primitive forms, and the 
probable progenitors of all other Pteridophytes. So long as this view 
was held interpolation of new sporangia between older ones, wliich is so 
prominent in them, was regarded as a general phenomenon which might 
appear anywhere among the derivative forms. The fundamental idea 

I 
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thus Ctime to be that si^orangia are bodies essential]}^ indefinite in nymber 
and variable in place, The habit of interpreting lower forms in terms of 
the higher, which was also prevalent in earlier times» further encouraged 
this view : the common occurrence of indefinite stamens in An^osperms 
made unduly familiar the idea of the sporangium -bearing parts, as well 
as sporangia themselves^ being irregular in number and in position. But 
now there is good leason to believe that both the Angiosperms and the 
Poly pod iaceons Ferns ^rere of relatively late origin, and in no sense 
primith'c forms. Also that the interpolation of sporangia, or of sporangium- 
bearing partSj which is found in them both, arose secondarily as a con- 
comitant of the increase of the sporangia in either type to high numbers. 
If this be so, then there is no sufficient reason to look upon the sporangia 
of earlier and more definite types as in any way affected by the presence 
of this secondary indefiniteness in number and position. This principle 
finds its application as follows : it may be held that the Lycopods were 
independent of the Ferns in phyletic origin : hence the question of origin 
of Iheii sporangia may be discussed without reference to interpolation at 
all, since it is not a characteristic of that family nor of its relatives. 
Si mi lari)' with the Marattiaceous Ferns, interpolation is not seen in the sori 
of any living representative of that family, nor is it demonstrated in their 
fossil prototypes 1 their sporangia are simultaneous In origin; the fact that 
the relatively recent Leptosporangiate Ferns show frequent interpolation of 
Successive sporangia should not affect our view of those Fern-types which 
certainly preceded them in time. In point of fact, interpolation of spor- 
angia is an occasional and not a general phenomenon : it is restricted to 
certain groups of plants, and is probably of secondary origin : in other 
groups where it has not been observed the sporangia are often seen to 
be stable in number and also in position. Accordingly the problem of 
evolutionary origin becomes more simple in those cases where interpolation 
may be left out of consideration altogether, 

A second case in point, where it is necessary to clear the mind of 
old habits of thought before entering on evolutionary questions, is that of 
synangial sporangia, ivhich are so frequent in the Eusporangiate Fterido- 
phytes- ^fbe assumption was formerly common that where this condition 
is seen it is the result of fusion of sporangia previously in the race 
distinct. This assumption is again lo be traced to the old habit of 
regarding the Polypodiaceous Ferns as the primitive stock of Pterido- 
phytes: the sporangia in them are all separate ^ consequently it was held 
that where in other Ferns they are united, this must be a secondary 
condition. But the synahgial condition may just as well have resulted 
from septation as from fusion : the question which is the correct view in 
any individual case- i,s difficult to decide, but evidence of some value may 
be obtained by ejcamination of the structure and development, as well as 
by general comparison of allied forms. In approaching such matters 
opinion must be unbiassed and open. Both fusion and septation - have 
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occurred in various instances, and in any ijiven case the proper in ilia] 
attitude is to iiold that either mode of origin may have heen the source 
of the synangial state as it lunv apf>ears. 

The feature whiclr lias prtjhably been most effective of all in distracting 
attention from the methodical analysis of the polysporangiate state in 
Vascular Plants at large has been tlie s^vamping elTect of continued apical 
growth, and of branching. In the lower Vascular I'lants both apical 
growth and branching may he seen in either the sterile or the fertile 
regions. In the higher Flowering Plants the floral region itself is 
characterised by absence of branching, and by restriction of apical growth, 
but both occur freely in the sterile region of the inflorescence. 1'hc 
results of this in the Flowering Plants are apt to be so dominating tliai 
it is often hard to recognise the small terminal and late-produced strobilus 
or flower as the actual residuum which [>rogresstve sterilisation and growth 
of the sterile tract have left. 

Among Vascular Plants it is only in the simpler Pieridophyies that this 
aspect of the sporophyte generation clearly emerges : and this is largel) due 
to the fact that in them branching of the axis is often less profuse, or may 
even be absent altogether : moreover, the structui^l similarity between the 
sterile and fertile regions suggests their comparison. As a consequence of 
such comparisons, it follows that the great disproportion of the t^ro regions 
so often seen in the Flowering Plants may be discounted as a .secondary 
effect: it has been brought about principally by continued apical growth 
arid repeated branching in the vegetative region, together with higher differ- 
entiation of the sterile and fertile shoots. Maintaining consistently this 
point of view^ the overpowering effects of continued apical growth and of 
branching will be estimated at their right value, and so the way may be 
prepared for a more exact enquiry into the origin of the polysporangiate 
state, even in the more advanced types. It is by some such analysis as 
that sketched in this chapter that it may be possible to attain to a 
reasonable opinion how the condition seen in the earlier Vascular Plants 
came into existence. The detailed practical application of the method may 
often be difficult, and only partially successful ; the present object has been 
to lay the basis for such an analysis, by showing w'hat the recognised 
factors of numerical change of sporangia actually are, and to simplify the 
problem by showing that certain of tliose factors are of limited application 
only. 



CHAPTER XI. 


THEORY OF THE STROBILUS,^ 

I'he term strcbiLus h commonly applied to those fertile spikes with small 
appendages which are found in a terminal position on the shoots of many 
Pteridophytes. The construction of the vegetative region below the strobSlus 
in these plants is on essentially the same plan as the strobili themseives, 
but without the sporangia^ The similarity of the two regions, as well as 
the absence of any definite limit between them, Is demonstrated with 
peculiar clearness in the case of Ly^^podium as shown in the 

Frontispiece. The absence of the sporangia in the vegetative region may 
be accounted for on the ground of abortion. If this be so, the structure 
of the strobilus will be the prototype for the vegetative shoot, and any 
theory of its origin with its appendages should cover that of the vegetative 
shoot as well. 

The strobiloid condition was common among the earliest Pteridophytes 
of which there is any fossil evidence : there is thus a probability that it 
was a relatively primitive state. It is characteristic of the Equisetales, the 
Lycopodiales, and the Sphenophyllales, which are all relatively micro- 
phyllous ; but the same type of construction is also traceable in radially 
constructed megaphyllous forms, and it will be shown later how the Ophio- 
glossales, and even the large-leaved Filicales, may be referred back to the 
strobiloid type of construction, but wnth the appendages developed to an 
inordinate size. 

The strobilus, in any of the small-leaved Pteridophytes, consists of ^ 
relatively bulky axis, endowed with more or less continued apical growth, 
and terminated by an apical cone, upon which the appendages arise 
laterally (compare Fig. 67, p. 125). Those appendages appear in regular 
acropetal order, below the apex of the axisj and they arise exogenously, 
as more or less massive outgrowths of the tissue of the apical cone (Fign 71)^ 
They have these characters in common in all cases, and, according to the 

*This find the following chapters arc largely based apt>ti an address given at ihe 
International Exposition at Su Louis, U.ShA*, 1904, 
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morphological niethod of the latter half of the nitieteentli century, all tiie 
parts which share these cliaracters ^vould rank as ** leaves/^ and be regarded 
as “homologous.” But tlie progress of the science slumld he leading 
towards the refinement of the use of the term “homology"; an approach 
must be made, however distant it may yet be, to a classification of parts 
on a basis of Descent Though this may readily be accepted in theory, 
it is still far from being adopted in the practice of Plant-Morphology, 
None the less, comparison is inevitably leading to the disintegration, oti a 
basis of Descent, of the old-accepted categories of parts ; and in the case 
of the appendages which are collectively styled “ leaves," the question arises 
whether they are all truly comparable in Vascular Plants. This is clearly 
in dose relation to the question of their origin, and we shall enquire 
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whether there is not reason to think that the initiation of the foliar 
appendages may have been polyphyletic. 

To those who hold the view that the tw^o alternating generations of 
the Arcbegoniatae have had a distinct phylogenetic history, it will be clear 
that their parts can not be truly comparable by descent. The leaf of the 
Vascular Plant, accordingly, will not be the correlative of the leaf of a Moss. 
Even those who regard the sporophyte as an unsexed gamelophyte will 
still have to show^, on a basis of comparison and development, that the 
leaves of the two generations are of common descent, I am not aware 
that this has yet been done by them. 

Bui the phylogenetic distinctness of origin of the leaves of the sporo- 
phyte and gametophyte is not the only example of parallel foliar develop- 
ment, Goebel has shown with much cogency that the foliar appendages of 
the Bryophytes are not all comparable as regards their origin ; he remarks, 
'* It IS characteristic that the leaf-formation in the Liverworts has arisen 
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independeiuly in i|uite a number of series/'^ and has shown that they must 
have been produced in diderent ways. Here then is polyphyleticism in 
hijrh degree, seen in the origin of those parts of the gametophyte which on 
grounds of descent we have already separated from the foliar appendages 
of the sporopbyte. 

Such results as these for the gametophyte lead us to enquire how the 
case stands as to the origin of foliar differentiation in Vascular Plants. 
In discussing such questions, it is to be rernembered that in different stocks 
the foliar condition of the sporophyte as we see it iritay have been achieved 
in different ways, just as investigators have found reason to believe that it 
was in the gametophyte. We have no right to assume that the leaf was 
formed once for all in the descent of the sporophyte. But at the moment 
we are unprovided with any definite proof how it occurred. All the evidence 
on the point is necessarily indirect^ since no intermediate types are known 
between foliar and non- foliar sporophytes. Physiological experiment has 
as 3et nothing to say on the subject. The fossil history of the origin of 
the foliar state in the neutral generation is lost, for the foliar character 
antedated the earliest known fossibsporophytes. There remain the facts 
of development of the individual, and comparison, while anatomical detail 
may have some bearing also on the question ; but all of these, as indirect 
lines of evidence, fall short of demonstration, and accordingly it is impossible 
to come at present to any decision on the point. For the purposes of 
this discussion, however, we shall proceed on the supposition that all leaves 
of the sporophyte generation originated in essentially the same way, though 
not necessarily along the same pbyletic line- 

Thcre are at least three alternatives which may possibly have been 
effective in the origin of a foliar differentiation of the shoot, in any pro- 
gressive line of evolution of vascular sporophytes: (i) That the prototype 
of the leaf was of prior existence, the axis being a part ^vhich gradually 
asserted itself as a basis for the insertion of those appendages ; the leaf in 
such a case would be from the first the predominant part in the con- 
struction of the shoot. (2) That the axis and leaf are the result of 

differentiation of an indifferent branch-system, of which the limbs were 
originally all alike; in this case neither leaf nor axis would predominate 
from the first. (3) That the axis pre-existed, and the foliar appendages 
arose as outgrowths upon it; in this case the axis would be from the first 
the predominant part. 

The first of the above alternatives, viz. that the prototype of the leaf 

existed from the first, and was indeed the predominant part in the initial 

composition of the shoot, has been held by certain writers as the basis of 
origin of the leafy shoot in vascular plants.* On this view not only is the 

^ Orf^no^raphy^ p. i6lt 

* Goethe, " Die Metamorphose der Pftanzen.^^ Gaadichaud, MtftK dt d. S^i.^ 

1841. Kienitz Gerloff, Bid, 1875, p. 55. Cdakovsty, "Unters. ueber die Homo- 

Jogien/' Pringsh. JuhTb.^ xiv., p. 331, 18841 Bei. Ziif.y Heft* v., Vf. 
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ivhole shoot regardtid as being mainly coiiijjosed of leaves^ hut some even 
■contend that the axis has no leal existence as a [xart distiticL from the 
leaf basest 

Ihis view in its general lonn represented the leafy plant as eonstrLKted 
on a plan somewhat similar to that of a Lom[)lex /loophyteK It has inore 
recently culminated in the writings of Celakovsky and lldpitio. J’he former 
in his theory of shoot segments (“Si>rossgliedlehre”) starts from the position 
that the plant is composed of morphological individuals; the cell, the daiot^ 
and the plant-stock are recognised as such, Fhe stock is composed of 
shoots and the shoot of cells. Braun rccognified the shoot as the individual 
par ; between the cell and the shoot is a great gulf, which has 

not yet been filled ; helween the cell and the bud (shoot) there must 
be intermediate steps, the limitation of which no one has succeeded in 
defining”; the long sought-for Individual middle step is the shoot-segment 
(Spross-gliedh which is neither leaf only i^or steni'segment onl)\ but the leaf 
together with its stem-segment, Now this reasoning appears to involve a 
mistaken method of morphology; the intermediate step mitsi occur; we w'i|], 
therefore, discover and define it. The definition of it consistJi in the draw* 
ing of certain transverse and longitudinal lines |jartitiontng the shoot^ lines 
which in the sporoph^ te have no existence in nature ; the assumed necessity 
of partitioning the shoot Snio parts of an intermediate category betw^eeii the 
whole shoot and the cell brings these assumed limits into existence. 

Notwithstanding the ingenuity of the theory as put forward by 
Celakovsky, in the absence of any structural indication of the limits of 
the shoot-segments in the vast majority of cases the theory does not appear 
<0 be sufficiently upheld by the facts. 

An extreme, and indeed a paradoxical position has been taken on this 
phytonic question by Delpino. As a consequence of his studies on 
phyllotaxis he concluded that the axis is simply composed of the fusion 
of the leaf-bases; that the leaves are not appendicular organs but central 
organs; that an axis or stem-system does not exisq and accordingly that 
the higher plants are not cormophjtes at all, but phyllophytes* 

The second view, that the axis and leaf are the result of differentiation 
of an indifferent branch-system, of which the limbs were originally all alike, 
has lately been brought into prominence by Potonie.- I'aking hti> initiative 
from the branching of the leaves in early fossil Ferns, he recognises the 
frequent occurrence of overtopping (^^Uebergipfelung”), that is, the gradual 
process of assertion of certain limbs of a branch-system over others; in 
the branching of Fucoids he finds an analogy for his observations on 
Fern-leaves, and draws the following conclusion, that “the leaves of the 

* Delpino, ^'Teuria della KiloEa5i»i+" l'‘(H- ref. see Hat. Jahrttht y^ viii. , iSSo, 

Pi riSj also vol. xi. , 1 SS 3 , pL 550- 

^ LehrbiHh d. PpamenpaiatmtQhgu^ pp. 156-159. Also Ein in die Getekkhte 

Bet. Morph, ttnd d. Eerkouiotidheonit I9d3j P- 33i however, su|fgesiett 

pievjotuly by myself* PhiL Trans.^ 1884, p«Tt ii. , p. 605* 
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higher plants have been derived in the course of generations from parts 
of an Algal thallus like that ot or at least from Alga-Hke plants, 

by means of the overtopping of dichotomous branches, and the develop- 
ment as leaves of the branches, ivhich thus become lateral” Dr. Hallier, 
who adopts Potonics position, prefers to draw the comparison with Liver- 
worts, whicii show a sitnilar sympodial development of a dicbotomous 
branch -system.^ 

It seems not improbabJe that the condition of many branched Fern-leaves 
may have been derived through a process of “overtopping” in an indifferent 
branch-system of the leaf itself. But it lies with Potonie to show, on a 
basis of comparison of forms more nearly related to them than the Fucoids, 
that the relation of axis to leaf in the F’erns was so derived^ and, further, 
that such an origin is in any way applicable to other foliar developments in 
\'^ascular Plants, especially in Pteridophytes such as the Lycopods, Equiseta 
and Sphenophylls. I am not a>vare that this has yet been done. But 
graitting that this can be done, the question still remains whether similarity 
of method of branching is any criterion of comparison as to descent 
For sympodial development of a dichotomous system (and this is all that 
such "overtopping*’ actually is) has occurred in cases where it cannot 
be held to have resulted in a branching which is foliar \ and of this instances 
can be found without going so far afield as the Fucaceae. If this be so, 
then little value need be attached to the comparison of such branchings 
in plants not nearly allied to one another; these may be held to be quite 
distinct examples of a general phenomenon of branch-development, without 
the one being in any sense the prototype of the other Such reflections 
as these indicate that the comparison in mode of branching between the 
leaves of Ferns and the thallus of Fiicoids, which forms the groundwork of 
the view of Potonie (or between the Ferns and the Thalloid Liverworts, 
as may be preferred by others), are not to be held as more than distant 
analogies ; consequently they are no demonstration of the origin of the leaf 
by a process of “overtopping,” 

The view recently advanced by Professor Lignier (" Equisetales et 
Sphenophy Hales : leur orlgine filicineenne commune,” BulL S&c. Lirtn. de 
Caen, 1904, p, 93) is analogous to that of Potonie, though 
differing from It In detail It involves ranking the Lycopod leaf as a 
“pbylloid,” of the nature of a flattened hair, and comparable to the 
amphigastrium of a Liverwort. The leaf of the Fern, however^ is held 
to be a true leaf, or phyllome, derived by differentiation from an indiflerent 
system of "cauloids,” on which the "pbylloids” have become abortive. 
All such hypotheses have critical points in their application; in the present 
case it lies in the comparison of the Psilotaceae and Sphenophylleae. For 
Lignier regards the leaf-lobes of Tm^$ipltrh as only “phylloids,” whereas 
the leaves of the Sphenophylls, and also of the Equlsetaks, are “phyllomes,” 
reduced from the larger-leaved type of the Ferns. The argument is chiefly 

^ t. lijQrph. d. Sperophyitt n. d. TTQphophyifs^ Haiubning^T 1902^ 
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based on comparisons as to branchin- and anaiomical structure. ITese 
grounds will not suffice to override the inherent probahilitv that the 
leaves of the Lycopods and Psiloiaceac are essentially of the same tlatuu^ 
as those of the Sphenophylls or liquiseta, and not the consetjuence of an 
entirely distinct evolutionary history. Moreover^ on his own admission t[^e 
Prohepatic type, from which Professor lagniers theory starts, is still w]^(j||y 
hypothetical Further, it may he remarked that the embryology of the 
spOTOphyte gives no assistance to those who would <krive h from a 
dorsiventral thallus. On these as well as other grounds the theory, as 

stated by Professor Lignier, catinot be U|)hetd. 

An essentially similar hypothesis has been enunciated by I'ansley 

1907, p, 25, etc.). He contemplates a megaphyllous origin 
of a Ferndike sporopbyie from a ‘"hypothetical Archegoniate Alga,^" which 
showed dichotomous branchings certain branch -systems became specialised 
for assvmilatory functions as erect shoots, and assumed radial symmetry 
while the axis originated by transition through sympodial development of 
the dichotomy to monopodial branching. On this hypothesis the dorsi ventral 
symmetry would be the primitive and the radial the derivative state in 
the original sporophyte. I'he megaphyllous types would be primitive and 
from these the microphyllous would be derived by widespread reduction. 

Putting aside the collateral speculations of Tansley to which exception 
may be taken, such as the homoplastic origin of the archegonia and of the 
spores, as well as of the whole sporophyte in Bryophytes and Pteridophytes, 
and the wholesale resort to reduction in order to explain the origin 
of the ancient microphyllous phyla, there are two points of fact, or of 
absence of fact, which appear specially to oppose his theory : he assumes 
a radial type of construction to be derivative for the sporophyte and a 
dorsiventral type to be primitive ; but in point of fact, in their individual 
development all sporophytes are originally radial, a condition which has 
probably a very close relation to their production in the archegonium : 
that the dorsiventral state is as a general rule derivative in the sporophyte, 
niay be concluded from comparison and .-shown by experiment (see 
Chapter XVI.). Further, there is no known case of dichotomy in the 
sporophyte, where one branch develops as axis and the other as leaf 
The known facts derived from living Ferns as well as from the fossils 
point clearly to dichotomous branching of the axis itself and of the leaf 
Itself, and to transition from a dichotomous to a monopodial branching 
in the establishment of rachis and pinna. But such evidence is wanting 
in ^ the relations of leaf and axis. It was chiefly the absence of sucli 
evidence that influenced me in rejecting my own suggestion of origin of 
the shoot from a dichotomous branch system made in (884 (PM. Tyfi^/s., 
yol. ll, iSg4^ <^05)1 it applies equally to the theory as stated by 
Tansley, which appears thus to break down on the test of fact. 

There remains the third view, which, however, is no new one ; for 
there have not been wanting those who have assigned a more prominent 
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place to the axis in the initial differeiitiatio): of the shoot Perhaps the 
most explicit statement on this point is that by Alexander Braun, who 
remarks in his A'ejiive^iesiefne in AV^if^ire (English edition^ p. ro;)^ 
referring to phytonic theories, that “all these attempts to compose the 
plant of leaves are wrecked upon the fact of the existence of the stem as 
an original, independent and connected structure! the more or less distinct 
articulation of which certainlj^ depends upon the leaf- format ion, but the 
first formation of which precedes that of the leaves.'* Unger also, m his 
botanical letters to a friend (No- VIIL), described how “The first endeavour 
is directed towards the building up with cell-elements of an axis” — “those 
variously formed supplementary organs which are termed leaves originate 
laterally upon it " and he concludes that “ we may [therefore] say with 
perfect justice that the plant . * . is, as regards form, essentially a system 
of axes.*' Naegeli contemplated a somewhat similar origin of the leafy 
shoot as an alternative possibility ; in fact, that the apex of a sporogonrnm- 
like body elongated directly into that of the leafy stem, in which case 
the axis would be the persistent and prominent part, and the leaves be 
from the first subsidiary, and lateral appendages. In my theory of the 
strobilus in Archegoniatc Plants the central idea was somewhat similar 
to ibis.^ It may be briefly stated thusi There seems good reason to hold 
that a body of radial construction, having distinction of apex and base, 
and localised apical growth as its leading characters, existed prior to the 
development of lateral appendages in the sporophyte ; the prior existence 
of the axis and lateral origin of the appendages upon it are general for 
normal leafy shoots. The view thus put forward is, indeed, the mere 
reading of the story of the evolution of leaves in terms of their normal 
individual development. 

It is natural to look to the Pteridbphytes for guidance as to the origin 
of foliar development in the sporophyte, for they are undoubtedly the most 
primitive plants with leafy shoots- They may be disposed according 
to the prevalent si^e of their leaves in a series, leading from microphyllous 
to megaphyllous types. 1 have lately shown that stich a seriation is not 
according to one feature only, but that certain other characters which 
Have been summarised as “Filicineous” tend to follow with the increasing 
prominence of the leaf,^ This indicates that such seriation is a natural 
arrangement- Now it is possible to hold either that the large-leaved 
Fern-like plants were the more primitive, and the smaller- leaved, derivatives 
from them by reduction) or, conversely, that the smaller-leaved were the 
more primitive, and the larger-leaved derivatives from them by leaf- 
enlargement; other alternative opinions are also possible, such as that 
the leaf-origin has been divergent from some middle type, or that the 
leaves of Vascular Plants may have been of polyphyletic origin- For the 
moment we shall leave these latter alternatives aside. 

Much of the difference of view as to foliar origin centres round the 

^ /tfina/s Boiany<, vol. viii-, p- J43- v-, p. 254. 
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<)uestion whether originally ihc leaf was rolativi.]) large or sinalL 'I'lioso 
who hold that the large-lca^'od fotmis were the int>re |)riniitive will be 
naturally disposed towanls the view of tire origiiral |.H‘epyiiidera]ice ol tlte 
leaf over the axis, and will favour some pltylonic theory; those who hold 
the smaller- leaved forms to he the more priinitive will probably adopt 
a strobile id theory of origin of the leafy spor op 11310. I propose to offtr 
some remarks on the relative probability of these alternative views. 

If large-leaved protot\|)es be assumed general 3 )■ for Vhtsciilar Plants, 
this naturally Involves a widespread reduction, since stnalbleaved forms 
are numerous now-, and have been from the eaTliest times of which we 
have any record. Convincing evidence of reductio]i of leal-tomplexity in 
an evolutionary se{|Liencej supported on grounds of comparison of Torn] 
and structure, and in accordance with the palaeontological facts, has beeti 
adduced in the progression from Ferns, through CNxado Fillcinean forms 
to the Cycads ; and it applies with special force In the case of their 
sporophylls. Perns, which are essentially^ shadedovlng and iy|>ical]y zoidio- 
gamic, or amphibious, may be understood to have given rise to the 
Cycado’Filkes and Cycads, ivhich are more xerophy^tic, and show that 
essential character of land plants — the seed-habit, flie case for reduction 
of leaf-complexity seems to be here fully made out, and somewhat stiiiibr 
arguments will also apply for other types of Ciymnosperms, It must there- 
fore be admitted that extensive reduction of appendages has occurred in 
certain very ancient phyla, 

But while we thus recognise a probability of reduction in certain phyla 
producing relatively smaller-leaved forms, it does not follow that a/i small- 
leaved Vascular Plants originated thus^ On this point the anatomical 
evidence is of imporlancei as bearing on the origin of the small-leaved 
strobiloid Pteridophytes. Of these (putting aside the Hytiropterids as being 
a special reduction problem in themselves) there remain the Lycopodiales, 
the Equisetales, and the Spheiiophyllales, which are all cladosiphonic in 
the terminology of Dr, Jeffrey* The question will largely turn upon the 
meaning of this anatomical feature. The cladosiphonic character may be 
held as the anatomical expression of the dominance of the axis in the 
shoot. Here the leaf-trace is merely an external appendage on the stele, 
v^hich i$ hardly disturbed by its insertion* This type is seen constantly in 
certain small-leaved Pteridophytes. On the other hand, the condition, 
styled by Dr. Jeffrey the phyllosiphonk, is the^ anatomical expression of the 
dominance of the leaf over the axis in the shoot. Here the insertion 
cf the vascular supply of the leaf profoundly disturbs the vascular arrange- 
taent in the axis, leading to an open communication between the cortex 
and the central medulla at each leaf-insertion* It is characteristic of 
certain large-leaved Pteridophytes, and is seen also generally in Seed-Plants, 
There is thus a probability, supported on anatomical evidence, that the 
seed-bearing plants at large were descended from a large-leaved ancestry, 
atid had undergone reduction of leaf-complexity in their descent. 
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It IS a Tact of importance that^ in the individual life, the one or the other 
anatomical type is usually constant ; but m certain Ferns the progression 
may be traced from the cladosi phonic in the young plant to the phyllosi- 
phonic in the mature, thus suggesting a similar progression in descent, 
viz. that the large-leaved phyllosi phonic Ferns were derived from a smaller^ 
leaved cl ad osi phonic stock. Of the converse, viz. the progression from 
the phyllosiphonic to the cladosi phonic state in the individual life, 1 know 
of no example among the Pteridophytes, though it is true that there is 
some approach to it in the Marsiliaceae. Thus the anatomical evidence 
indicates a probability that, even in large-leaved Ferns, the cladosiphonic 
was the primitive type ; but that the phyllosi phonic, once initiated, Is as 
a rule maintained : this is shown by its persistence in the Seed-Plants, 
even where the leaf has been reduced in size. 

Having thus gained a valuable sidelight from anatomy, indicating 
that small-leaved types were probably primitive, we may now return to 
our central question of the initial relation of leaf to axis. Of the three 
theories already noted, the theory of overtopping as applied to the origin 
of the leaf may, in my opinion, be dismissed, as it is not based upon com- 
parison of nearly related forms, while the facts of embryogeny and of 
leaf-origin do not support it : and further, the sympodial development of 
a dichotomous system, on which it is Founded, is a general phenomenon 
of branching, restricted neither to leaves nor to the sporophyte generation. 
As to the other two, the facts, whether of external form or of internal 
structure, seem to me to Indicate this conclusion ; that the strobiloid 
condition, ivas primitive for certain types, such as the Equiselales, Lyco- 
podiales, and Sphenophy Hales ; that In them the leaf was from the first 
a minor appendage upon the dominating axis, and anatomically they have 
never broken away from the cladosiphonic structure which is the internal 
expression of their microphyllous, strobiloid state. That the Filicales and 
also the Ophioglossalcs were probably derived from a microphyllous 
strobiloid ancestry, and achieved the phyllosi phonic structure as a conse* 
quence of leaf-enlargement, this being the derivative rather than the 
primitive condition ; its derivation Is even illustrated in the Individual 
life of some Ferns. From the Filicales the phyllosiphonic structure was 
probably handed on to the Seed-Plants, and by them retained notwith- 
standing the subsequent leaf-reduction which followed on their adaptation 
to an exposed land-habitat. Thus a strobiloid origin may be attributed 
to all the main types of Vascular Plants. Tt seems to harmonise mote 

readily with the facts than any phytonic theory does. 

A prototype, which was probably a prevalent, though perhaps not a 
general one for the PteridophyteSn may then be sketched as an upright, 
radial, strobiloid structure, consisting of a predominant axis, showing con- 
tinued apical growth* and bearing relatively small and simple appendages. 
On our theory the origin of these appendages in descent would be the 
same as it is to^lay in the individual development, viz, by the outgrowth 
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or enation ' of regioi^s of tht: sujKrficial tissut: ttf Lhe axis to form tltum, 
and this would occur not simultaneously but successively, the origin of 
the appendages following the comiiuied apical growth of the axis, as it does 
in the developing shoot of the present day. I’he axis would pre-exist in 
descent^ as it actually does in the normal developing shoot. The origin 
cf these appendages may have occurred independently along divers lines 
of descent, and the appendages would in that case be not homogenetic 
in the strict sense, 1‘hus there would be no common prototype of the 
leaf, no morphological abstraction or archetypic form of that part. More 
than one category of appendages might even be produced on the same 
individual shoot, differing in their function on their tirst appearance. 
Such has perhaps been the case iti the Cal a mar Ian strobilus, where, as 
will be seen later, the leaf-tooth cannot be readily homologised with the 
sporangiophore. These suggestions will suffice to indicate how elastic a 
strobiloid theory is, and how its application will cover various types of 
construction, even such as ace shown by the most complex cones of 
Pteridophytes. 

The objection to a theory of enation will probably be raised that it 
contemplates an origin of new parts rather than a modification of partzi 
already present, and that experience indicates the latter as the usual source. 
The reply to this is a double one i first, that the appendages actually 
appear in the ontogeny by enation : a leaf arises as an outgrowth from the 
previously smooth surface of the pre-existent axis^ the theory reads the 
descent in terms of the individual life. But secondly, an origin of new 
parts upon a smooth surface of a pre- existent part must necessarily have 
taken place frequently in the formation in isolated genera ol emergences 
prickles, often of large siise and with vascular supply, Thus the origin 
of new appendages is not without frequently recurring precedent among 
Vascular Plants. 

An essential feature in the theory of the strobilus is that it involves the 
phyletic pre-existence of the axis. This is a point upon which embryo- 
logical evidence can be adduced, both that of the primary embryology 
-and of the continued embryology of the grooving shoot {see Chapter XIV,). 

Thus far nothing has been said of the sporangia in relation to this 
theory of the strobilus. It remains to trace the relation of these to the 
appendages. On the above hypothesis the shoot originated from a body 
having a fertile upper region and a sterile base. It is not necessary to fix 
upon any type of sporophyte represented in any Uvingiplant as a prototype: 
what is contemplated is an acropetally growing body, with already some 
-distinction of a sterile base, and a terminal fertile region endowed with 
epical growth. In two or more types of living Bryophytes the relegation of 
spore-production towards the outer surface is seen, with the formation of a 

'The term “enation'' has long been used In Teratology. See Ma^iers^ 

Vegetable Teratology," key. Jer., 1^69, p, 443 J it connotes the exogenous outgrowth of 

appendage from □. previously vacant surface. 
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sterile cential columella ; was probably the case also in the predecessors 
of the strobilus, but the process was more completely carried out, so that 
the spore-formation came to be> as it now is in all Pteridophytes, located 
close to the outer surface, A further step would be the disintegration 
of the sporogenous tissue into separate pockets or sporangia; of such 
disintegration tlrere is evidence in certain PteridophyteSj but it is exemplified 
in the clearest way in the anthers of various Angiosperms ; the condition 
which is actually seen in the anthers of Visaim or in the large 

multllocular anthers of Rhhophora illustrates the point (Fig. 73); here 

the numerous, small, isolated loculi 
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cover the very considerable surface 
of the enlarged stamen, and develops 
ment as well as comparison points to 
an origin of these by segregation from 
the normal type of pollen-sacs. The 
outgrowth of appendages by enation, 
from such an apically growing struc- 
ture has been already recognised as a 
probable feature ; if this took place 
either between the segregated loculi 
Or below them so as to carry them 
outwards beyond the general surface, 
during its acropeial development, the 
result would then be a strobiloSd 
structure with an acropetal succession 
of appendages, such as is seen in 
various PteridophyteSn Sometimes the 
sporangia might be borne in close 
relation to the axis, as in Lycopodium 
or Seiogmdla^ while other Lycopods 
illustrate varying degrees of the carry- 
ing of the sporangia outwards upon 


the appendage. In other cases varying numbers of sporangia are borne 
upon a single appendage, as in the Calamarians and Sphenophylls : and 


according to their form, and their relation to or freedom from sporangia, 
divers ranks of these appendages may be distinguished : these matters will 


be discussed in detail later. 

In the hypothesis thus sketched there are several steps w^hich may be 
named as distinct, though actually they may have overlapped : they are 
(i) the differentiation in the primitive sporophyte of a vegetative base, 
and a fertile upper region having a power of apical growth: {2) the 
relegation of sporogenous cells in the latter to a superficial position : 
(3) the segregation of them into separate pockets or sporangia ; (4) the 
onation of the appendages-^ Every one of these steps has its actual prototype 
among living plants, so that nothing is advanced which is contrary to 
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morpholoijiciil experience, 'rherefore validity nl ilio strolnloid thenry 
is not 0[)ei’i to i'j olijeoln>]i. I'lie real ^juesHon is wlietlier those 

processes which are seeir to have hcen in operation elsewhere did aeiualty 
take part in the produetioti oT the I’teridophvte strohiUis as it is now 
seen? The applicability of the thcor}' to the various known tyjxs of 
Pteridophytes will be the true test of its validity, Ihis will be carrieci 
out in detail In the second part of this work^ ao far as the very imperfect 
evidence will allow. In questions such as this of the origin of the shoot, 
it is desirable to take the simplest possible reading of the facts as the 
basts of an opiniion : on this grotind the theory of enation, as accotmting 
for the origin of the appendages of the slrohitus, seems to be preferable 
to any phytonic theory. It has been remarked that the sirobiloid theory 
Involves tremendous morphological avsumplions in the way of the origin 
of new organs” (Tansley, 1907, p. 28, etc.): the only 

assumption^ however^ which is ap|Xirent to the mind of its author, is that 
the order and mode of origin of the ap[>endicnlar |xirts in the course of 
Descent has been that which is actually seen in their individual develoi) 
ment. They are fornted by enation from the axis now, and it is held 
that they originated in the first instance in the same way. 


CHAPTER XIL 


SPORANGIOPHORES AND SPOROPHYLLS. 


The theoretical position talcen up in the last chapter is characterised not only 
by its simplicity but also by its elasticity^ It carries with it no obligation 
to assume that all the appendicular organs should show definiteness or 
constancy in their disposition upon the axis which bears them* nor even 
that they were all alike in Uheir initial character or function- Now, as a 
matter of fact, an examination of the strobili o^ such plants as the Psilo- 

taceae, Horsetails, and Calamarians shows that 
irregularities of arrangement of the parts are 
common : it is impossible to reduce the 
arrangement of the appendages in the cone of 
T7Hesipttrh or of Bqnisetum maximtifft to any 
regular scheme (Fig. 73) 1 the appendages of 
both vary in radial angle and in level of 
insertion. There is also great variability in 
the disposition of the leaves in the genus 
Lycopodiinn^ being sometimes whorled, some- 
times irregularly spiral It is true that cases 
do exist among the strobiloid Pteridophytes 
which show regularity in the disposition of 
their parts, but in their shoots at large a 
regular disposition of the appendages cannot 
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be held to be a general feature- Such irregularities, so far as they are 
of primary origin, are dil^cult to explain on the basis of any sympodial 
construction of the strobllus: to a theory of eration, as expounded 
in the previous chapter, they offer no obstacle , for if the appendages 
originated from the surface of the pre'existent axis, as suggested, they 
might equally well appear in regular positions, or be disposed with greater 
or less irregularity— as, Indeed, is seen to be the case. 

The comparative classification of those appendages of the strobllus 
which are seen in the different types of Pteridophytes has always presented 
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difficuluei ; of this ihe Psilolaceae are n coiispicLious (;.\ain|>]L\ tind ihn' 
Aiialysis of the parts composing their strobil] has led to voluminous 
discussions, 'I'he dirticulties are no less in the Sphcnophyils and ('alU' 
mar Ians* The presumption upon which mor[)hotogifTts have habitually 
proceeded has been that all the parts arcj or at least should be» reducible 
to certain categories, such as axis, leaf^ emergen ce, sporangium — these 
being the headings under which the |>arts of the shoot in the higher 
Vascular Plants are ranged. It is possible by the use of ardrice,s, which 
sometimes appear to be curiously strained, to carry out the class! Ikat ion 
of all the constituent parts of the shoot in Phanerogams into these cate- 
gories. But is the morphologist justified by this measure of success in 
the practice of a somewhat artificial method in assuming that it shall 
always be equally applicable to all Vascular Plants? And further, is it a 
scientific method forcibly to extend the conclusions obtained from the 
study of the higher forms to the lower? The attitude of the believer in 
evolution should be the converse : to examine the lower types with a 
mind untrammelled by conceptions derived from the higher, and a termin- 
ology free to express what is actually seen in the more archaic forms. 
Subsequently his conclusions may be extended to the higher forms. At 
the present day it will seem hardly necessary to put down such simple 
principles as these explicitly ; but doing so finds its justification in the 
habit of thought, still ingrained in the science, of reading the lower Vascular 
Plants in terms of the higher, just as it was done in the pred >arwinian 
days, hrom this the mind of the modern morphologist must be entirely 
free. 

The difficulty of reducing the parts of the strobilus in certain Pteri- 
dophyies to the categories above named has already extorted from 
morphologists the adoption of a further term not yet used in reference to 
Flowering Plants. The non^committing word sporangiophore ” is now 
understood to connote a structure which bears sporangia, but is not readily 
referable to the category either of axis or leaf, though it might- be included 
under some broad use of the term “emergence.” it may contain vascular 
tissue, and be inserted either on the axis or on an appendage. It will 
be the object of this chapter to consider the relations of the sporangia, 
the sporangiophore.^ and the sporophylls to one another, and to the axis 
of the whole strobilus, as seen in the various types of Pteridophytes* 

ft is a rare thing for sporangia to be borne directly upon the axis 
itself, though there is theoretically no reason against it, but rather the 
reverse* The Lycopodiales include forms which show this position of the 
sporangia, and is usually quoted as a case in point (Fig. 74). 

It is true that here the sporangium is inserted on the axis, and springs 
directly from its tissue ; it may originate as a swelling quite distinct from 
that which develops into the sporophyll j but the sporangia are not scattered 
irregularly on the axis, for there is a coiistant relation of each sporan-dum 
to the subtending appendage : the sporangium and the sporophyll are in 
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t[ie m^idiaii plane, and, exceptitiE^ rare abnormalities, each sporophyll 

subtends only tnie sporangium : this is seen in all plants belonging to 
die Pycopodiales. But they illustrate various degrees of remoteness of 
the spotcangium from the axis, while still retaining the strict numerical 
and subtending relation, Ihus shows the closest relation of 

the sporangium to the axis ; but the sporangium of Lycapfidum originates 
clearly from the tissue of the sporopbyll itself (Fig. 75): in some of them 
Sehgo) the sporangium may at maturity appear to be thin-gtalked 
and axillary, while in others (Z. Lepidoitrabus^ and heeits) the 

sporangium may extend with a broader base some considerable distance 
along the upper surface of the sporophyll. An extreme condition is that 
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of the early fossil Spencerifes (Fig* 76), in which the narrow-stalked 
sporangium is attached some distance from the base of the sporophyll. It 
is thus seen that while the numerical and radial relations of sporangium 
and sporophyll are constant, the distance of the sporangium from the axis 
may vary. This arrangement in the Lycopods, which dates back to the 
earliest fossil records, is certainly the simplest seen in the cones of 
Pteridophytes, and the relation of the sporangium to the axis is habitually 

closer in them than in any other type* 

But other plants, which also have representatives of palaeozoic age, 
bear cones of more complex construction: these present intricate morpho- 
logical problems if the effort is made to classify their parts according lo 
the strict categories and the usual successions of axis, leaf, emergence, 
and sporangium; for instance, the modern Psilotaceae and the ancient 
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Sphenopliyllaceae raise important questions. Amon^- tlie former, Tmc^ipkrh 
bears appendages of simple form in the vegetative region ; but the fertile 
appendages are forked at their distal end, and bear on tl^ir upper Kiirface, 
just at the point of branch] tig, a bilocular synangium^ which has a sliori 
stalk traversed by a vascular strand (Hg. 7;). Various views have hetJ] 
propounded in order to read this body in terms of the formal inor[>hology 
of the higher plants: for us, the suggestion would seem to suffice that 





! f'’ n K ‘he vegetative appendages being simple and 

a SDnra ' "f ‘he branched sporophyll 

in S’”'" rT^ ,s attached with vascular supply and bearing two sporangia. 
In Psilotum tile structure is the same, but the number of the iro. ^ • 
The disposition of the parts in 

very similar to this <Fig. 78)1 a synangial group of four to ix sLXia 
occupies a position comparable to that of the Psilotaceae on the non 
^ur ace of a doubly branched appendage ; but these appendages are dispLed 
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ill regular Ik iris, iiisiead ( sf irregularly in Tifusi/yfem. In other Spheno^ 
|>liylls the nuniher of sporangia may be less, and the number of the more 
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are twice, in .SI Jiff men' three times as numerous as the segments of the 
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verticil: these variiitions i]i iiumtxT of the sporanyioijlutrcs would ix 
difficult to harmonise with any reference to ** leaf seijmcnLs,'' as rjrdinarily 
understood elsewhere ; and their disposition, suggests the klta of cluirisis 
of the sporaiigiophore similar ta that seen fret[ueiU]y in the staiiiems of 
Angiospei'iiiic fl(iwers. 
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In the Eciuiseta and Calamarians, spore bearing bodies of outline not 
unhke those of I'silotaceae are attached directly to the axis itself, and bear 
the pendent sporangia (Fig. 79). 'I’hey show sometimes almost constant, 
but frecjuently inconstant, numerical and local relation to the whorls of 
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bracts or leaf-tceil’i : thus, in the modern Rquise^tu^n and in the ancient 
Bomia they occupy the ^rhole strobiliis in large numbers^ and bracts are 
absent ; in Fhylhilma the fertile spikes are interrupted by occasional whorls 
of vegetative leaves ; in Caianmt&diys the strobilus bears successive whorU 
of bracts, and whorls of sporangiophores alternate with them ; but even here 
they do not show exact numerical correspondence with the bracts, which, 
moreover, alternate independently of them. Further, their longitudinal 
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position relatively to the bracts varies, for in Calamosiackyi they are placed 
midway between the whorl of bracts* in Falae&stachya in their a!tils, in 
Cingidaria immediately below them. This In definite ness of relation of 
the spore- bearing bodies to the bract-leaves in number and position, as 
seen among the EquiseUles, when taken together with the difference of 
function, points to their being a separate category of members from them 
(Figs. So, Si, Sa).' 

* This statement is not in accord with the opinioTis expressed by Prof. Lignier, which 
will be considered where the Equisetales are specially treated in Pari IT. 
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on the axis or on the appen- 
dages; the latter is the case in the Ferns, the cliief difference between 
them and the slrobiloid forms being that the appendages here are large 
and the sori, or sporangiophores, very numerous. Regarded in this light, 
the Fern-type is not a thing distinct or apart ; the difference from other 
types is mainly one of the degree of development of the sporophyll ivliich 
bears the sori. 
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S]?() re -bearing br^dies, or spoiangiophore^^, or sort sqcL as those above 
namedj have then the foliowing characters in cominon 3 'I’hey are out- 
growths of varying length, which lietu one or more sporangia: these are, 
when numerous, more or less closely related one to another, and fretiueniiy 
synangial : they are usually disposed in a circle round the periphery of a 
disc-like cxjjiinsioit at xha disiat end of the more or less elongated si«alk. 
hut other arrangements may be found, A vascular strand usually runs 
through tlte stalk to its distal end( where it may divide into branches 
which terminate in close relation with the sporangia. The similarity in 
all essentials of structure of the sporangiophores in these early Pteridophytes, 
notwithstanding the diversity of their position, points to the conclusion that 
they are the result of similar response to similar requirements^ carried out* 
it may be, in various distinct stocks in the various positions in which 
they are now' seen. Their structure suggests that they are simply the 
outcome of placental groivth, which has the advantage of securing freedom 
of dehiscence of the sporaitgia which they bear, jn that case there is no 
obligation to hold that they w^ere the result of metamorphosis ” of any 
pro existent appendage or part, And herein lies the importance of the 
introduction of the term ^pf>ran^ophQrt which is now applied to them ; 
for it simply implies the fact that the part so called bears sporangia, but 
does not suggest au)^ view of its further morphological character, nor does 
it impose any limitation upon the position which the sporangiophores 
may hold. 

It remains to consider what relation, if any, subsists between sucb 
sporangiophores and the ^Meaves.^' The difficulty in finding mutual ground 
for discussion of this question lies in the preconceived ideas w'hich the term 
“leaf" carries with it in the minds of many botanists. It is often assumed 
that the vegetative leaf was pre-existent in descent to the appendages of 
the strobilus, the mind naturally translating the successive events of the 
individual life directly into the history of Its evolutionary organisation; in 
fact, the sporophyll has habitually been regarded as a vegetative leaf which 
has become fertile. In the following chapter reasons will be given for 
holding that the converse is nearer the truth, Le. that foliage leaves are 
often the equivalent of sporophylls which have become in the course of 
descent sterile. If this be so, then signs of the origination of a vegetative 
sjstem are to be sought in the fertile zone rather than the converse, 

A second preconception ivhicli is commonly entertained is that ‘^the 
leaf," w'hether sporophyll or foliage leafi is a part having a common 
evolutionary origin in all plants in which it appears ; but on grounds 
explained above ive shall be prepated to contemplate as possible a 
polyphyletic origin of those parts which are designated collectively 
“ leaves." 

A third preconception, which Is a common one also, is that those 
bodies which are designated sporangiophores are necessarily of the nature 
of sporophylls, or of segments or parts of sporophylls. Any sporangiophore 
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attached lo an axis would lluis be held tn l>c a rt>inplete foliar striieUnv, 
and a sporanyiopliore attached to Ihe iipijei surface of a bract would Ijc 
recognised as a “ vetitrul lobe” of that bract. Ihit if it be iuhuitted ihiit 
spore-production in the sporophyte was piior to its vegetative development, 
and was a constant [)base tlironglioul the evoli3tio]i of the sporoplijte, 
then such a description seems not only unnecessary but highly improbable, 
^foreover, it has been seen that sporangiophores may be present in posit ituts 
which are not tiiose of the normal succession of known vegetative parts ; 
in the endeavour to bring these into line with the customary position and 
succession of vegetative parts, recourse has to l.)C taken to almost fantastic 
explanations. Rut there is no neeti for this if the sporangiophore be accepted 
simply to be, what it structurally is, a placental growth. The object of 
the morphologist should be not the forcible reduction of different organisms 
to one scheme of construction, but to read in their diverse forms the 
probably diverse story of their origin. 'i‘his should proceed along the lines 
of the least strained and simplest interpretation. Following these principles, 
the sporangiophore in the Pteridophyies whll be held to be a pan j*/ 
itself primitive in its nature, iit the sense that it is not the result 
of modification or replacement of any other sort of appendage. 

Certain physiological limitations must necessarily have been operative 
during the transition of the fertile region of any sporophyie from a simpler 
to a more complex condition, such as has been figured to the mind 
the last chapter. As already pointed out, an increase in spore-product I 
is an advantage in homosporous plants, since it increases the chance of 
survival and of distribution. But in any increasing body the formation 
of separate loculi ivill facilitate the protection and nutrition of the increasing 
mass of spores while young : thus segregation has its biological rationale. 
Projection of the sporangia beyond the surface of the part which produces 
them will facilitate the shedding of the spore?, and makes possible those 
mechanical devices which are seen in so many of the Pteridophytes. For 
the protection of the sporangia while young, close juxtaposition of the 
appendages of the strobilus Is also important, and Illustration of this is 
seen In almost all strobiloid types. But at the same time any projection 
of the spore-producing parts necessitates the conveyance of their nourish- 
ment through a longer distance, and by more restricted channelSn Such 
crossing of interests will have tended to keep the apjicndages which bear 
the spores small, so long as they are themselves not active or essetitiul as 
nutritive organs^ in fact, there would in that case be a tendency to per- 
petuate the strobiloid type. But if the appendages themselves carry on 
efficiently the function of supply of organic material, tlien there rieed be 
no limit to their size, provided that the water-supply to them can be 
maintained ; and they may accordingly bear an infinity of sporangia, as is 
seen to be the case in the inegaphyllous types. It is in connection whh 
these functions of protection and nutrition that the foliar development 
M'ould naturally come into prominence as a feature of the strobilus, and 
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tills have iakoi> effec: in more than one of the several phyla of the 
early l^tericlopIntcsH 

I he relation of the sporangia and spotangiophores to the parts designated 
as hracls, sporophylls, or leaves is habitually^ though not always, a dose 
one. In the simpler sLrobiloid forms the leaf either subtends the spore- 
producing member, or the latter is borne upon its upper surface, commonly 
tn a median position. 'Phe biological importance of this probably lies in 
the protection which is afforded^ and in the ready supply of nourishment 
in cases where the leaf is an effective organ of assimilation. But it is an 
error to assume that there is any obligatory or constant relation for plants 
at large between the spore^producing members and the leaves. This is 
showm, first, by the fact that sporangiophores, even in very early fossils 
such as Boyma^ may exist independently of the subtending leaves; and 
secondl)', that when associated with leaves they may vary greatly both in 
numerical and local relation to them, even within near circles of afifinity; 
this is seen in the Sphenophylleae with special clearness* Such examples 
taken from early fossils teach that the spore-producing members show a 
high degree of independence from the sporophylls. For the present these 
general remarks must suffice : but later, ivhen the sporangiophonc Pterido 
phytes have been described in detail^ we may attempt some more exact 
recognition of the varying relations w’hich existed betiveen the sporangio* 
phores and the sporophylls in early strobiloid types. 

In this connection the cjuestion may be raised whether sporangiophores 
and leaves have always been distinct categories of parts : whether leaves 
Or foliar parts have ever developed into forms resembling sporangiophores. 
In the case of the Cycads there is little doubt that the parts usually 
designated female spoiophylls or carpels are reduced foliar structures : it 
is fthowni on the basis of comparison that their form, so like that of many 
sporaiigiophoreSj has been attained by a process of reduction, and thus 
they may be held to be homoplastic with the primitive sporangio phores 
of Pteridophytes. 

Such considerations as these will deter the morphologist from any precise 
definition of the categories of parts borne upon the strobili of early Fterido- 
phytes according to experience derived from study of the Phanerogams, 
d'here is indeed no reason to assume that there was any initial uniformity 
of the development such as would lead to their always falling into 
strictly definite categories. Greater uniformity is* however, found among 
the higher forms, and it is this uniformity w^hich has led to the establishment 
of those old morphological categories which are found to fit so ill upon the 
lower ^^ascolar Plants. Each plant type may be held to have worked out 
its own progressive development, while biological conditions common for 
them all would tend to reduce them to some common scheme. Such 
constancy as appears among the parts of the higher plants would jhen 
have been achieved by gradual evolution of order from beginnings which 
were less constant : and as a matter of fact the exceptions from that 
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order of disposition of the nr Irom th;lt striicLura] characloi whiclli 

has been held as typical, are chiefly found wlierc llvc}^ would on this view 
be theoretically probable, viz. in the Hotiic>s|xjrous Pteridophytes. '['Ins 
seems to be the natural way of ref^arding the various ty|>es of sirobilus 
seen in early Vascular Plants : it is certainly more satisfactory than any 
attempt forcibly to reduce them to conformity with categories based upon 
the study of those plants which represent a bter phase of evolution. 


CHAPTER XIIL 


ON THE RELATIONS BETWEEN THE STERILE AND 
FERTILE REGIONS IN I'HE SrOROFHYTE. 

From che days when Morphology hrsl arose as a branch of the scieiice 
of Botany, the rcla lions between the sterile or vegetative region of Plai’its, 
and the fertile or reproductive have been the subject of enquiry. Originally 
the question presented itself as one of simple comparison of those regions 
in the Flowering Plants, in which they are clearly differen Hated one from 
another i the basis of the comparison was that of their external form, 
with the idea behind it of some degree of unity of plan in the construction 
of the two regions. At the present time the enquiry involves the direct 
question of their physiological relation, but it also extends to the indirect 
historical problem of their genetic relationship. This can best be apprckached 
by comparison of forms lower in the scale of development^ such as the 
Pteridophytesj in which the differentiation is less complete than it is in 
the Flowering Plants. 

From a physiological point of view, the necessity of a due balance 
between the sterile and fertile regions in the case of any fully differentiated, 
self-supporting organism is readily grasped; for the material required to 
build up the strobilus or flower to the point of maturing its spores must 
be derived from an adequate development of the vegetative organs which 
produce it. It ts naturally otherwise in sporophytes which are not self- 
supporting, or only partially so, as in the Liverworts and Mosses; also 
in the case of parasites and saprophytes; but the latter, as derivative or 
secondary conditions, may be put aside when we discuss the adjustment 
of balance between the two regions in its evolutionary aspect. The 
indirect historical question is less readily tangible, but in its solution the 
sources of nutritive supply must be steadily kept in view throughout the 
comparative study of the lower and simpler sporophytes. 

I'he fact that there is frequently a tendency towards extended pn:>duction 
of spores m the Homospoious Archegoniatae has been brought forward 
repeatedly an previous chapters, where also the racial advantage which 
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follows upon it has been sufficiently recognised. J'he evidence that this 
tendency actually exists is to be found in the facb Sllnstrated in so niEuty 
plants, that more numerous spores are habitually initiated than the [jlaiii 
is able to bring to maturity. I'he powers of nutrition impose the actual 
limit of the output of spores in any specific example, and any increase 
of the vegetative system will therefore result in an increased capacity for 
producing mature spores. Where the vegetative region extends so as to 
increase the powers of nutrition, it commorvly happens that the initiation 
of potential spores still keeps in advance of such increased supply^ and 
so the two seem to advance together. In the present chapter various 
examples from among the Archegonjatae will be examined from this point 
of view : upon these some idea may be based of the general methods of 
progression of the sporophyte, from its less differentiated state towards 
that seen in the Flowering Plants, where the vegetative and reproductive 
regions are clearly distinct, though their construction still shows a fundiv 
mental similarity of plan. Cut before this is entered upon, it ivill be 
well to clear the ground by consideration of the earlier theoretical views 
on the relation of these two regions of the plant-body. 

Kaspar Friedrich Wolff laid the foundation for a comixuative view of 
the appendages of the Higher Plants, In his Tto/m GeJteynfiofih, published 
in the latter half of the eighteenth century, he propounded the thesis 
that ^ in the whole plant, the parts of which differ so extraordinarily from 
one another at first sight, there is nothing to be found on mature con- 
sideration but leaves and stem, for the root belongs to the latter.” For 
him all the appendages were of foliar nature. The modificaiions whicli 
appear in the parts which compose the flower arose, in his view, from 
the gradual waning of vegetative power, or as he 

called it ; their development constantly diminishes the longer the vegetation 
is continued, and finally ceases altogether; consequently the essence of afl 
these modifications of the leaf lies in their incomplete deA'elo|jmenc. 

It is but a slight step from ideas such as these to the doctrine of 
Metamorphosis as introduced by Goethe in 17^)0. He assumed an ideal 
fundamental organ, from wffiich the different leaf-forms in any oi^e of the 
higher plants could be regarded as derived. He designated as “ Meta- 
morphosis that process by which one and the same organ presents itself 
to us in various modifications. This luetamorphosis may be of either 
of three kinds: regular, irregular, and occasional. Of these the regular 
or progressive metamorphosis, with which we are specially concerned, is 
that i bust rated in any normal Flowering l^lant by the progression from 
the cotyledons through .the foliage leaves to the flower with its successive 
senes of parts. But, as Sachs points out in his HisUry t)/ Botmty (Engt. 
Ed., p. Goethe sometimes used the word “Metamorphosis” in its 

literal sense, as meaning an actual change in the organs arising from a 
transmutation of the species; sometimes his meaning was an ideal one; 
for, regarding the way m which cotyledons, foliage leaves, bracts, sepals, 
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petals, etc., originate on the stem, they were all Included under the one 
general idea of ^Meaf/' In the words of Sachs, Goethe’s doctrine could 
only make its way to logical consistency and clearness of thought by 
deciding for the one or the other meaning of tlie word; he must either 
assume that the different leaf-forms^ which were regarded as alike only 
in the idea, were reallj' produced by change of a previous form — a 
conception that at once presupposes a change of the species in time : — 
or he must entirely adopt the position of the idealislio philosophy, in 
which the idea and the reality coincide. In this case the assumption 
of a change in time was not necessary : the metamorphosis would remain 
at! ideal one, a mere mode of view ; the word leaf would then signify 
only an ideal fundamental form* from which the different forms of leaves 
actually observed may be derived, as De Candolle^s constant species, from 
an ideal type. 

Though Goethe did not himself decide finally for either of these 
alternatives, the introduction of a theory of Descent^ and a general belief 
in transmutation of species* went far towards clearing away any such 
ambiguity. In its light the facts seemed to point definitely towards a 
conception of a real transformation* and this point of view came into 
prominence pari pas&u with a better knowledge of the lower Vascular 
Plants, where leaf differentiation is less fully carried out and gradual transi- 
tions are to be seen between vegetative leaves and sporophylls* Accordingly, 
it seemed to be the plain and simple reading of the facts to accept the 
metamorphosis as a change which bad actually been effected in the course 
of descent. The natural progression shown in the life of the individual 
seemed to be that already described as progressive by Goethe; it was 
natural to accept this in terms of the theory of descent as progressive 
in the race also. On this basis the floral appendages would be held to 
be essentially foliage leaves* but altered in character to subserve propa- 
gation ; and the pollen-sacs and ovules which they bear accessories which 
are added to the already existent foliar parts. The experience of zoologists 
had its influence in apparently confirming this position. The analogies 
between the two organic kingdoms are at many points so close that the 
general conclusions of the animal embryologists seemed readily applicable 
to plants also. If the ontogeny of the higher animals is found often to 
recapitulate the history of the race, should not the same conclusion apply 
also to the higher plants? Moreover, such a view- presented itself as a 
mere continuation of the theoretical opinion of Goethe : the progressive 
metamorphosis which he recognised would figure, accordingly, as a principal 
feature in the evolution not only of the individual but of the race. Thus 
regarded the sporophyll of the individual plant would be an altered 
foliage leaf, and its origin by descent would be the same; the difference 
of their development would then lie in the presence of the sporangia, 
which brings correlative restriction of the foliar development in its train. 
This position may seem satisfactory so long as the Higher Vascular 
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PJants alone are considered, or if S|jorani;ia arc not regarded loo scrl]pulol]^il)' 
from an evolutloiiaiy point of vieu% and if it be assumed lhat they tnay 
be and have been habitually generated at large in the course of descent 
upon pre'existeni foliar organs. If these points be granted, iben It might 
be possible to retain Goethe’s progressive Metamorphosis as the basis of 
an evolutionary story applicable to the Higher Plants. As a matter of 
fact, Botanists continued to analyse and describe the flo^vers of the Higher 
Plants in this way for a whole generation after ihe (// S/>i'd('s 

had been published. The flower was habitually regarded as the result 
of metamorphosis of a foliage shoot. Though the point was not aUrays 
put into direct terms, the underlying assumption was that a conversion of 
vegetative parts into propagative parts takes place in the individual : that 
sporangia originated sporadical])- in descent^ as they seem to do in certain 
cases now", and that such changes as are seen in the development of 
the individual had their place also in the history of its evolution, But 
increasing know-ledge of the life-cycles of the lower forms^ and of their 
comparison one with another, was meanw-hile leading to sounder views of 
the origin of the higher Vascular Plants. Alternation of generations 
became gradually a niore exact factor in the morphology of the last half- 
century* It seems no longer possible to look upon the Vascular Plant as 
a primary entity, as it was held to be in ihe time of Goethe. The 
sporophyte generally, and consequently the plant-body of all the Higher 
Plants which is a sporophyte, must necessarily be held to be secondary 
by all those who recognise antithetic alternation as a constant feature in 
descent of the Archegoniatae : for them the story of origin of the sporo- 
phyte must affect the interpretation of its parts. 

A fundamental question of method in morphology is involved In this 
discussion, viz* the question of the validit)- of conclusions based on 
observations of the ontogeny as against the w-ell-founded conclusions of 
phylogeny. It w-ill now- be generally agreed that, provided the conclusions 
as to phylogeny be sound, they should have the precedence over those 
based on observation of the individual life. But in the practice of the 
middle part of last century it was customary to act in the opposite sense, 
and to take the successive events in the story of development of the 
individual as the basis of morphological history; such views on descent 
as are based on comparison were often left out of account or given only 
a second place. If this latter principle be adopted, then conclusions 
harmonising with Goethe'.s progressive metamorphosis will follow, and the 
sporophyll may be accepted as an altered foliage leaf; but if precedence 
be given to the results of a broad comparison, then a converse conclu^iion 
will necessarily appear the more probable. 

But there is also another question involved in (joethes view of “ jjro- 
pessive metamorphosis," that of the origin of the sporangia w-hidi appear 
in the strobilus or flower* The assumption that sporangia can be formed 
indiscriminately upon pre-existent vegetative parts was at the back of 
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<ioethe5 theory: it must be eiK^uiied whether this is justifiable assunip- 
tioo. 1 his question has not been too e>Jactly scrutinised by his followers, who 
translated his '' progressive metamorphosis” into terms of an evolutionary 
progression, '('he basis for the assumption was primarily the succession 
of events as seen in the mdividual life of the higher plants^ but a 
certain laxity of view was further encouraged by the irregularities of 
number and position and of time of appearance of the sporangia in the 
Leptosporangiate Ferns, d’hese plants were accorded an undue prominence 
in the early study of Fteridopliyies, and for long the belief was held that 
they were the prototypes of all Vascular Plants. Hut it is now sufftcieniiy 
clear that the I^ptosporangiate Ferns are relatively late derivative forms, 
and that the types of Ferns of the primary rocks were more precise and 
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exact ill the arrangement and in the time of origin of their sporangia. 
Such precision is seen in higher degree in the Calamarians and Spheno- 
phylls, and it is specially prominent in the Lycopods^ All of these are 
types of quite as earty+ probably of eveir earlier, geological history than 
the Leptosporangiate Ferns. Accordingly It may be held that in the 
earliest Vascular Plants which we know the ariangemenh time of appear- 
ance, and number of the sporangia showed some degree of definiteness, 
and were in some cases very precise. It cannot be denied that accessory 
sporangia may at the present day appear in some cases w'here none are 
normally present: conspicuous examples are those described by Lang in 
apogamous Ferns (compare Fig. 35), while a less bizarre case is that of 
the sporangia which appear on the usually sterile leaf of Boirychiu^ 
Lunaria (Fig. 85): abnormal flowers of Phanerogams also provide 
numerous examples of sporangia not produced in the usual order or 
position* The question is whether the existence of such cases at the 
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present day will justify the assumption that in the evolutionary story 
sporangia originated mdiscriminately ujjon pre-existent vegetative organs. 
My own opinion is that it does not, for a carehil examination of sneh 
cases and comparison of then) with the general type to which the plants in 
question belong shows that they are exceptional, if not indeed of the nattire of 
monstrosities. It is clear that promiscuous formation of sporangia in 
present-day forms is possible, and that it does at times occur, but it 
"does not follow that this was a general mode of their origin hi past 
times. 

An essential fact bearing upon the question in point is that spore- 
production is a constantly recurring event in Archegoniate Plants. J'hcre 
is good reason to believe that ic has found its place in every normally 
completed life-cycle throughout their descent. Cytologically it is now 
seen to be the natural complement of the sexual jjrocess. Taking all 
types of Archegoniate Plants into our view, including the more recent 
Flowering Plants as well, there is reason to believe that spore-production 
was the initial function of the sporophyte, and that it has been continued 
and repeated throughout descent. If this be admitted, how can the 
strobilus, or the flower— the i>art bound up with that primary function 
■of spore-pro duct ion ^ — be the result of metamorphosis of a vegetative shtjot, 
the leading function of which is secondary? The conclusion to be derived 
from broad comparison will be the direct converse; vin. that vegetative 
parts in the sporophyte have originated by change of parts originally 
fertile. 

Bui in order to carry conviction that this conclusion is correct, ii will 
be incumbent on those who hold it ty bring forward evidence hearing on the 
origin or increase of the vegetative system, which we see at the present 
day preceding spore-production in the history of the individual life. It 
has already been shown in Chapter VH. that $ttn7isali»ii of individual 
sporogenous cells, that is, their conversion into cells having a vegetative 
function, is common. It is found in tlic sporangia of Vascular Plants, 
but it is in the sporogonia of Bryophytes that it has been recognised as 
specially effective in adding to the vegetative system. 'I’he sporogonium 
<>i Aneurii <l'ig. Bfi) has already served as an example, while refcience to the 
writings of Goebel {Orsaiiasraj,/iy, pp. 326-^2,}. Engl. Ed., p, 103). shows 
how fully sterilisation has already been realised, and accepted as a source 
of increase of the vegetative system in the Bryophyta. Similarly, in 
Vascular Plants it has been sbown above, that sterile cells of a sjwro- 
genous group may be converted into vegetative tissue of a septum. Such 
examples indicate how sterilisation of individual ceils may be effective in 

increasing, and perhaps in the first instance even in originatinK the veee- 
tative system. ^ 

A second factor, which has been specially effective in contributin-r to 
e increase of the vegetative .system in the more differentiated types of 
sporophyte, is the a6ar/io« 0 / spara»gh, oy 0 / spoya»giam-l>tariHi( parts 
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As this in my opinion hus not yei boon Accorded its proper pkce in the 
evolulionary storyn I proj)Ohe lf> consider it al some length. 

Imperfectly devclojicd pans have played an important role in arguments 
on Evfjiution. On the Zoological side especially they have been used 
as weighty evidence Similarly, in botany they have been the basis of 
discussion ■ in tlie morphology of the (lower, abortive stamcn&s carpels, 
pollen- sacs, and ovules have been cited as foundations for elaborate 
argument. Where present In normal position the existence of an abortive 
stamen or siaminode has been habitually held to be sufficient indication 
of the previous existence of a fully developed stamen in the ancestral line; 
and On such evidence natural alfinities have been traced and accepted. 
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usually without question. But floral morphology has gone further : com- 
parative study has led to the conclusion that in certain ancestral lines 
of descent parts have existed, which in the individuals of the present day 
are entirely unrepresented by any vestigial growth. This condition of 
complete disappearance of a part or parts has been styled “ablast, as 
distinct from “abortion^” where the incompletely developed part has an 
objective existence. Eichler maintained that the conditions distinguished 
as “abort" and “ablast” are not essentially different in kind, but only 
differ in degree. He points out that abortion itself is not susceptible of 
objective proof, and it may be remarked incidentally that it is this fact 
which has prevented the full recognition of the part which it has played 
in the origin of the sporophyte. Speaking of the relations between partial 
abortion, where a vestigial structure is present [“abort"], and complete 
suppression [“ablast"], Eichler remarks {Biuihmdia^rammt, p. 52) that m 



ABORTION OF SBORANGIA 


cases of abortion ‘'objectively tvc see nothing more than that cell divisions 
occur, that a rudiment appears: tlnis strictly speaking \\x- observer liiai 
something develops, not that somethitig is reduced : this may become a 
gland, an emergence, or what not. It is comparison, and usually the 
comparison with other species and genera, etc.— that is, the tyjKi mciliod,— 
winch teacher that it is a reduced orgati, and what is its sjieciat caiegor)'. 
Whenever the same comparative method leads even to the assumption 
of a complete suppression, where no rudiment of the organ is seen wiih 
the bodily eye, in my opinion that is* in point of fact* no more tlian ojie 
step further along the same course^' This is the position whid^ sliouhl 
be the foundation of a correct view as to abortion, or even complete 
suppression of parts : it Is currently acce|>ted, and put in [jractice in tire 
morphological treatment of the Angiospermic flower, and it is now high 
time that it should be applied equally to the Pteridophytes, where it has 
probably played a very important part. In the Pteridophytes too little 
attention has hitherto been paid to such subjects, and notably observations 
of arrest of sporangia, or of spore-producing organs, have been neglected. 
It is the isolation of many of the genera, and the paucity of species in 
some of the most important of them, which has stood in the way of 
their detailed comparison in this respect* and consequtmly arguments from 
arrest have not taken their [iroper place in the morphology of the 
Pteridophyta^ But the argument to be founded on an imperfect sporangium 
at the base of a strobilus of Lycopodium, or on the abortive fertile s|>ike 
of an Opkioglossum seated in the position normal for the fully developed 
part in other individuals, species, or allied genera, is precisely the same 
as that on an imperfect pollen-sac or ovule, or on a stamen or carpel in 
Flowering Plants. Further, a comparison as regards the presence or absence 
of spore-producing parts in species evidently related to one another may 
lead to the conclusion that sporangia entirely unrepresented at the 
present day were probably borne upon ancestral forms: the line of 
reasoning being the same as that in cases of hypothetical complete sup- 
pression of floral parts. It will presently be shown that such hypothetical 
Suppression of spore-producing parts may be held accountable for changes in 
balance of the vegetative and propagative regions in the Pteridophytes, and 
be recognised as having led to an increasing promine3^ce of the vegetative 
system in the course of their evolution. ^ 

I he J^ycopodinous type, being represented by numerous species of 
essentially similar construction, lends itself well to sudi comparative 
treatment, while the comparison is the more pointed owing to the definite 
relation of one sporangium to each subtending leaf, which arrangement 
w’lth very few exceptions, k the constant rule for the fertile regions of 
these plants. In all known Lycopodinous types a sterile lea fy"^ region 
of greater or less extent, precedes the fertile region in the life of the 
individual plant In many species of Lycopodium, and especially in those 
which have the vegetative and fertile regions less clearly differentiated 
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the iniiinl vegetaiive stage is soon closed by the appearance of sporangia 
in the axils of the leaves ; but alternate fertile and sterile ionesj merging 
into one another imperceptibly as regards form, succeed one another at 
irregular intervals throughout the upper region of the plant. This may 
be styled the condition, as it is seen conspicuously in Lycopodium 

Scia^o (Frontispiece)* In others, and especially in those in which the 
fertile regioit appears in the form of a definite terminal strobilus, the 
initial vegetative phase is more extensive, though still essentially similar to 
the strobilus in its construction ; there is, however, a prevalent difference 
of form between the sterile and the fertile leaves, but the relation of the 
sporangia to the latter is the same as in the Seiago form. It seems 
natural to conclude that the Seiage* type is the more primitive, and the 
definitely strobiloicl type the derivative. 

The question in either of these cases is, what genetic relation has 
existed between these sterile and fertile regions which are so similar in 
plan, but differ in the absence or presence of the sporangia. The 
clew is given by examination of the basal limits of the fertile zones in 
either case; for here, at the point of transition from the sterile to the 
fertile, imperfectly developed sporangia are often founds occupying the 
place normally taken in the fertile region by those fully developed. 
Applying to these the same argument as in the case of an imperfectly 
developed ovule or pollen-sac in an Angiosperniic flower, they will be 
held to be vestigial representatives of sporangia, normally present, and 
actually initiated, but not completely developed. Passing from these 
to the vegetative region, where no vestigial sporangia are present, though 
the arrangement, character, and tn the Stiago type even the form of 
the leaves is the same as in the fertile region, the question arises 
whether these are not essentially sporophylls, in which the sporangia 
are completely suppressed? The result of a broad consideration of the 
questitm will be an answer in the affirmativeH I’he facts indicate that 
in the simple Lycopod type progressive sterilisation has been effective, 
and that it has involved the partial abortion, or even the complete 
suppression, of whole sporangia ; the result is that leaves originally in 
the race fertile have become sterile, and have thus comributed to the 
enlargement of the vegetative region* The fact that the Sei&go condition 
is seen represented in certain Lycopod fossils of the Coal period is 
important evidence of the validity of this progression as an early evolu- 
tionary factor* 

Such sterilisation as that believed to have occurred in Lycopodium in 
the course of descent has been experimentally induced by Goebel m 
ScitipneifaP by cutting off young strobili, and treating them as cuttings : 
the sporangia of the upper region aborted, and the sporophylls of the 
newly formed parts of the shoot developed as foliage leaves* Thus the 
result theoretically contemplated may follow from experiment. 

^ p. 657. 
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With this progressive sterilisation, and the consetiueiit increase of the 
vegetative region^ the apical growth of the axis keeps pace : it secures the 
initiation of additional sporophylls and sporangia to take the place of 
those transformed or aborted^ and as there is no theoretical limit to tlie 
apical growth and branchings in such species as Z. the balance- 

can constantly be readjusted between! the sterile and the fertile regions. 
This combination o( sterilisation and continued apical growth provides, 
in a sensGt a forward impulse^ and it will be effective up to the limit of 
physiological supply. That it is so is seen in the fact that at the apex 
of any Lycopod strobilus imperfect sporangia are found, which are to 
be recognised as supernumeraries, showing the continued exuberance of 
initiation beyond the power of the plant to bring to complete maturity. 
W'e thus acquire the conception of a zone of reproductive activity— or in 
the St'Mg^a type it may be several interrupted zones — limited below by 
parts which are to be held as vestigial, and above by parts which are 
supernumerary. B}' comparison of living species of Lycopr^dfuifi it is seen 
that the fertile zone is not always located at the same level on the plant r 
it is sometimes preceded by a shorter, sometimes by a longer vegetative 
region. There has probably been a phylogenetic shifting of the fertile 
zone or zones : the biological significance of this is obvious, for any 
advance of the fertile zone to a higher point, by abortion of sporangia, 
while the sporophylls remain in a vegetative capacity as foliage leaves, 
provides a larger vegetative region below- for purposes of nutrition. Sucb 
a manner of advance has probably been effective in the evolution of the 
Lycopods as we now see themn 

If the Lycopods stood alone in show-ing such features as those described 
the facts w^ould be of limited interest, but they do not ; conditions essentially 
similar are seen in the sporophytes of other Vascular Cryptogams, though 
varying in detail. The mature plant of Isoeie$ is virtually of the 
type: it bears fertile and sterile leaves intermixed 1 vestigial representatives 
of sporangia are found in the position normal for sporangia upon many of 
the sterile leaves ; further, the probability that the leaves actually sterile 
are so by suppression is as strong here as in the case of Lyc&poditun 
The mature plant is preceded by an embryonic vegetative phase, 
with leaves bearing no sporangia; but after the first sporangia appear, the 
whole plant may be regarded as a strobilus, imperfectly differentiated, as 
in the S€lag^> type, into fertile parts and parts sterile by abortion or by 
complete suppression. 

Similarly, in the Psilotaceae, the Sdago condition* with irregular alter- 
nation of sterile and fertile zones, is seen in both Fsilmum (Fig. S7) and 
while imperfect synangia are found about the limits of the 
fertile regions. There is, however, a broad difference in form between the 
simpler sterile appendages and the more elaborate fertile ones; in this 
respect the differentiation of sterile and fertile parts has proceeded further 
than in the Lycopods. In the allied fossils, the Sphenophylleae, there 
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IS, ns a rule, a ciefinit^ stiobilus, winch is fertile tliroughout; but in majus 
this is not clearly diFerenliatcd by form either at base or apex from the 
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vegetative region. Such a condh 
lion sho^rs an interesting analogy 
with the less diflereniiated stales 
of Lycopodium, 

Among the Equisetales, Ec^ul 
set urn and Bornia have, as a rule, 
a definite strobilus,. composed 
entirely of sporangiophores borne 
on an axis, and clearly marked off 
from the vegetative region which 
precedes it in the ontogeny. But 
in the Calamarians, as also in 
the fossil know-n as PhyUothem, 
sterile leabsheaths are interspersed 
between the sporangiophoreSj a 
condition occurring also as an 
occasional abnormality in S^ut- 
sdum (Fig. 3S}. The morphology 
of these cases will be more fully 
discussed beloiv; meanwhile it may 
be held that while in Equhttum 
and Borniu the differentiation of 
the fertile strobilus from the vege- 
tative region is more distinctively 
marked, Phylhiheea or the Gala- 
maria ns show some degree of 
analogy with the Sdago condition 
Seen in Lycopodium, 

The Ophioglossnceae provide 
clear cases where the argument 
of abortion Leading to complete 
suppression w'ill apply; for various 
degrees of development of the 
fertile spike may be found borne 
upon the fully formed leaf, from 
that fully matured to small 
vestigial parts wFich do little more 
than mark the place where the 
normal spike would be inserted i 


in other cases again the spike is entirely unrepresented. The facts here 
correspond to those in Lycopodium Scicigo or in except as regards 

the size and number of the parts concerned. Such a condition in an 
Angiospermic flow'er would certainly be interpreted as abortion, and the 
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incomplete parts wliere present as vestigial, and a similar conclusion seems 
justified for the Ophioglossaccae. It may thus be held IhuL in tlie mature 
plant of the Ophioglossaecae al! the leaves are potentially fertile: ilte 
sterile foluage leaf is merely the pan which remains when the s[>ike is 
abortive, and its genetic relation to the full) matured sporopli)H is the 
same as that of the sterile to the fertile leaf in Z. oi in /settUt's. 

'There remains for consideration from this same point of view the large 
series of the Ferns. Notwithstanding the preponderant si^e of their leaves^ 
and the wide distribution of the sori and suoramria over their laree siErface. 
they should still be studied in the 
same way as other Pteridopl^ytes: their 
difference of conforn^ation should not 
be allowed to affect the recognition of 
Such similarity in the relations of the 
vegetative and propagative parts as ma)^ 
exist betiveen them and the smaller- 
leaved forms. Since the relation of 
leaf to axis is essentially the same in 
Ferns as in other Vascular Plants, the 
whole shoot may be held as equivalent 
to the shoob for instance, of an ■ 

and this aspect of it may be maintained 
equally in those cases where the a^is is 
short and the leaves crowed cd upos^ it, 
and also in those where the axis is 
elongated and the leaves isolated at 
loirg intervals apart. Maintaining this 
point of view of the shoot as a whole, 
there is in the ontogeny of the Ferns 
a preliminary vegetative phase, which 
may be of varying extent; subsequently 
the fertile phase begins* The broad 
relations of the two phases are thus 
the same as in other Pieridophytes, 

The fertile region in Ferns is imperfectly differentiated, and it is in this 
respect comparable with those imperfectly differentiated forms which show 
what has been called the Sehgff condition. But the matter is further 
complicated by the fact that in many Ferns the differentiation does not 
involve whole leaves, but only parts of them ; the large Fern^lcaf, in fact, 
does not always behave as one unit, but the differentiation of sterile 
and fertile regions may involve only parts of the individual leaf, not the 
whole* 

Taking into consideration first the simpler case, where whole leaves 
are differentiated either as sterile or fertile, examples are seen In such 
cases as the common Hard Fern {Bte^hnum boreal^ or in the Ostrich 
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Fern {On&cka StrNfhwptcris) (Fig. Sy). I'll ere may be some rlcgree of 
regularity in the succession of sterile and fertile leaves, wliich may he 
correlated with season ; thus in BUdimtm hartak the leaves fiist e\f>iinded 
in the spring are sterile, and they are followed by a series of fertile leaves. 
The condition of the shoot as a whole is, in fact, comjiarablc with tliai of 
Lycopodium Selago or of with their successive sterile and fertile wnes. 

But the coinmorier case for Ferns is that where leaves arc not sterile or 
fertile as a whole, but many or even all the leaves of tlie mature ])lant are 
fertile at least in part, and frequently show a correlative reduction of area 
as compared with the rest of the leaf, which is sterile. In the distribution 
of the fertile and sterile parts of the individual leaf there is great diversity, 
and differences may be seen in species of the same genus, or even in 
Individuals ; thus in Osmu^ida regalis the lower parts of the fertile leaf 
are broadly expanded and sicrilct the apical region is fertile and correlative])- 
exiguous; but in O. Javanka the fertile region extends irregularly over the 
lower pinnae, and the apical region Is expanded and sterile (Fig, 90 ). 

It has been show'n by Goebel that the niode of development of such Fei n- 
leaves may be experimentally altered : by removing from a plant of Onodm 
Struthiopkris the foliage leaves which are first expanded m tlie spring, 
the later e.x|>anded leaves, which are normally sporoph)'lls, were induced 
to assume the character of foliage leaves. Similar results were also obtained 
by Atkinson. 

The facts thus briefly sumnmised for Ferns are evidently comparable 
with those noted for the Lycopods, and the differences in detail which exist 
have their relation to the megaphyllous character. But in Ferns the facts 
are less cogent; for though abortive sporangia and imperfect sori are at 
limes found on Fern-leaves, still the evidence that they are vestigial is less 
clear than in Lyafpadiuuu Isoeies^ or Ophioghsstim^ owing to the less 
definite position and number of those parts in Ferns. The conclusion that 
the foliage leaves or parts of leaves in Ferns are phylogenetically sterilised 
sporophylls, or parts of sporophylls, Is therefore based rather on broad 
comparisons and on analogies vvith other Fieri dophytes than on the direct 
observation of parts which may be held to be vestigial. I’hat such a 
transmutation may take place in the individual life is fully demonstrated 
by the experin^ents of Goebel above quoted. It seems therefore reason- 
able to hold for FernSj as for other Pteridophytes, that sterilisation of 
sporophylls has been effective in the course of their evolution. 

A converse view to that thus stated has been habitual In the past, 
and is maintained by some to the present time. By them the evolutionary 
history is read in direct terms of the ontogeny, and the sterile leaf is thus 
assumed to be the primitive leaf, which has become a sporophyll by the 
superposition upon it of sori and sporangia. Those who take this point 
of view have brought forward In its support the facts that the develop- 
ment and structure of the sterile and fertile leaves is dosely alike, and 
that intermediate forms exist frequently between the two, so that the 
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necessary basis either for the oklcr view, that the sporophytE are nitcieif 
foliage leaves, or for the view that ttie foliage leaves are sterilised sporo 
phylls : but they do not tell distinctively for either 'llie decision nnist 
rest primarily upon the presence of vestigial sporangia, together with liroad 
comparison rather than upon details of individual development, ^itill it 
is necessary that any final conclusaoii should be in accord with the details 
of the individual development, and tllis is so in the present case, irhicliever 
of the alternative conclusions be adopted. 

Finally, the interesting demonstration by Goebel, that the sporophyll 
may be experimentally converted into a foliage leaf, does not sene as 
a decisive proof of either view. It demonstrates, however, the close relation 
of the two which either hypothesis will demand. It shows also that 
sterilisation of a sporophyll such as our hypothesis requires can actually 
occur. Such a process of sterilisation, carried out continuously in the 
course of descent, and involving either yvhole leaves or only parts of them, 
would result in the differentiated character of the leaves of l eins which 
is actually seen in nature. 

'I'he leading types of Ptcridophytes have thus been reiiewed as regards 
the relations of their sterile and fertile regions. In the indivldutil life 
of them all, there is at first, ;is their physiological eoitdition demands, a 
more or less extensive vegetative phase, succeeded sooner or later by 
a fertile phase, though this is often not clearly differentiated from it. ]!y 
comparison, it may be concluded that vegetative leave.s have been derivetl 
by sterilisation from sporophylU; and it is not difllitult to realise ho«- a 
vegetative system may thus have been increased, and the production of 
spores have been delayed in the individual life. 


On the other hand, the unlimited apical growth seen in many of the 
Pteridophytes, acts as a set off against the progressive sterilisation, for 
It tends to preserve the balance of the sterile and fertile regions which 
the sterilisation would disturb, and still provides for the initiation of an 
adequate number of spores. In the simpler strobiloid forms, such as 
L, Sdago, it is easy to conceive how progressive sterilisation and continued 
apical growth combined would lead to a larger vegetative system and 
an increased final output of Spores. In the more cotnple.s Ferns a progression 
of a parallel nature may be traced, though with less exactitude, owim. to 
the fact that the large individual leaves do not develop as units °Vny 
individual Pteridophyle plant may thus be regarded as being the resul'tant 
of two progressions: advancing sterilisation below, and apical -rowth 
with or without branching, wliich provides for additional spore-producint 
capacity above; and it may be pictured to the mind, especially in the 
strobilord forms, how the fertile zone, which is limited below by the limit of 
sterilisation, may thus have been raised progressively higher on the axis as 
development proceeded, and the time of spore-formation may have been 
oorres^ndingly delayed. But it is essential to remember that however long 
IS delayed, the spore-production which eventually happens is the same 
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process, as regards the whole lifC'CydCn as that in the simplest sporophytes, 
All the vegetative machineiy wliich precedes and delays is^ from our 
point of view^ a phase intercalated between the two constant and cyto- 
logically complementary events of se^Lual]ty and spore-production. 

Once fully differentiated the sterile and fertile regions may vary independ- 
ently of o]ie another. This is already seen in some degree in those species 
of Lyt*>pmiiHm or Siktgindia in winch the strobilus is strictly circumscribed ; 
but it becomes a more prominent feature in the higher Flowering Plants* 
win ere the flower oftei’i differs in marked degree from the vegetative system 
of the same plant. Still, even where the sterile and fertile regions are 
the most divergent a comparison of the life- hi stories as a w^hole points 
to the conclusion that their genetic relation has ultimately been as it is 
seen in the less advanced Archegoniatae : that the larger part at least, 
if not indeed the whole of the vegetative system is referable in its origin 
to progressive sterilisation of parts originally fertile. The question whether 
the whole is thus referable involves einbr}ologieal discussion, which must 
be reserved for the next chapter. 


CHAPTER XIV. 


EMBRYOLOGY AND THE 'I'HEORY OF REC.A PITULATION. 

BfcFOnii bringing into the discussion any evidence derived from the study 
of comparative embryology, it will be well to enquire briefly into the 
foundations upon which its arguments are based. Here as elsewhere the 
methods and opinions of the present time are founded on the knowledge 
and practice of the past : fromi time to time, it becomes necessary to re- 
examine the methods currently applied in any special branch of it, and to 
ascertain how far they are in accord with the general position of the science 
as a whole. It will be seen in the matter of embryology that as the point 
of view of the whole science has altered the methods and opinions of 
workers in this field have also undergone modification, and we must 
accordingly be prepared for still further changes so as to keep embryo- 
logical method in accord with the time. A short historical sketch will 
illustrate this, and at the same time it may give some better insight into 
the bases of embryological method as it exists at present. 

Embryology as a branch of the science of Botany can hardly be said 
to have existed before 1840. It is true that there was already some 
knowledge of the form and ]josition of the germ in Flowering Plants* 
So early as the seventeenth century both Grew and Malpighi dissected and 
described the embryos of various seeds, while Ray, ii^ his Historm 
Flaniarnm^ founded the distinction of iJicotyledons and Monocotyledons on 
characters of the embryo. But up to the early decades of the nineteenth 
century the study of the early stages of development of the individual 
was not used as a systematic means of elucidation of the relations of 
plants. This method was introduced by Schleidtn, who saw in ihe history 
of development the foundation of all insight into morphology. He founded 
the study of development of the flower, which has had sucli far-reyching 
effects on their comparison and systematic arrangement. He also gave 
special prominence to the initial embryology of the individual plant, and 
to comparison of the higher forms with the Cryptogams. Aln^ost simul- 
taneously the details of cellular construction and of a(jical segmentation 
in the lower forms were revealed by iNaegeli, and as he tstended his 



^74 


THEORY OF RKCAFITULATION 


observ^iti^tis, wbicli were thus iriStiaiecl among the lower Cryptogam?j to 
the Artbegcniaiae and the Phanerogams, he secured that morphological 
ideas, Kiiherto drawn primarily from (he Phanerogams, should be examined 
in the light afifordecl by the history of developmeiU in the Cryptogams. 
And thus the way was [>re;>ared for the brilliant entbnological work of 
Hofmeister, who^ after investigating the embryogeny of the Phanerogams, 
tracing the individual from the egg onwards, proceeded to apply the 
sanje method to the Hryophytes and Pteridophytes, with the results 
wldch are now pennaneml)' interwoven int(j tlie web of the science. It 
may he said that subsequent work in this direction has done little more 
than to till in the details in the areas of observation left blank upon the 
morphological map tiuis plotted in broad outline about the middle of the 
last century. It is in the interpretation of the facts, ai’td the recognition 
of the evolutionary history which they convey that there has been room 
for some difference of opinion r and it is this that will now' be discussed. 

While the elucidation of the facts by Naegeli* Hofmeister, and others 
was proceeding, the belief in the mutability of species became prevalent : 
the Darwinian theory seemed, as we have already seen, to provide a natural 
explanatory thread running thiough the facts of genetic morphology and 
connecting them into an evolutionary history. It was held that the 
successive events of the individual life directly illustrated the course of 
descent ; as regards the sporophyte the first stages were accordingly 
regarded as phylogenetically the earliest, and consequently for comparative 
purposes the most important. Einbryological detail w'as thus given a high 
place in comparative morphology. Analogy with the results and arguments 
of zoologists seemed to support this position, and just as some consistent 
renection of the phylogenetic history was found in the beginnings of the 
individual life of the higher animals, so, it w'as held, should be the case 
with the plant : the embryology of the sporophyte was accordingly made 
the basis of a consecutive history of its development in the race. For 
instance, the first formed leaves were held to represent the primitive and 
original foliar type, and those formed later on in the individual life were 
regarded as subsequent in the history of the race:, or, carrying this line 
of thought further into detail, the order and position of the first segmenta- 
tions in the ovum were regarded as of special comparative importance, and 
were used as the basis of elaborate theorising, 

but before such conclusions are accepted, it is w'ell to reflect upon 
the profound differences which exist betw^een the embryology of the higher 
animals and that of the sporophyte in plants. In the first place, the 
embryogeny of the higher animal is carried out once for all after fertilisa- 
tion : the main parts are laid down at a comparatively early stage, and are 
not repeated laten But in the sporophyte of all Vascular Plants the 
initial embryogeny is merely a preliminary phase leading to that continued 
embryogeny which Involves the repeated formation of parts: this is main- 
tained throughout the active life of the plant. Hence the initial embryo- 
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geny of any higher sporophyte is a much less esstutiEii incident in [iu 
whole development th^in that in an)^ higher anituaL the emijryogetiy ol 
a higher animal is at best only comparable with the Liiitial enihryogeny 
of a plant where the embryo is still enclosed in the tissue of the jiarem : 
it has no counterpart corresponding to that continued embryology wliich h 
so long maintained in the apical region of the pkint-body. 

Secondly, the sporophyte is now believed tcj lie itself an intercalated 
phase, w'hkh has assumed increasing proportions in the course of descent, 
while the function of spore-formation, which comparison tells us was the 
initial function of the sporophyte, has been proportionally delayed. If 
this be true, so far from the first formed parts being in their present 
form the prototypes, they would be more correctly recognised as derivatives, 
modified, or it may be transformed, during later evolutionary periods. 

The absence of strict analogy between the embryogeny of the higher 
animals and the higher plants is further illustrated in relation to the theory 
of germinal layers. Following on the esiperience of animal embryologists 
who found that definite regions of tissue of the mature animal body are 
referable in origin to definite germinal layers of the embryo, Famim^in 
undertook to prove that the same holds for the definite systems of 
epidermis and vascular tissue in the Angiosperms. It is true tliat the 
origin of the epidermis and of the central stele gives some countenaiice 
to such a view, though even in these it is not difficuk to quote exceptions 
where that regular mode of origin does not exactly apply. but the 
question becomes critical with regard to those [xirts of the vascular system 
which pass from the stem into the leaves: do these originate from the 
plerome system of the axis, as by the theory of germinal layers they ought 
to do? As l)e Bary pointed ould thk could not be otherwise effected 
than by outgrowths of the plerome pushing between the other layers of 
the young forming leaf. But as a matter of fact, they are derived from 
the primary periblem, and definite bands of this tissue show the corre- 
sponding differentiation, by which means the vascular system of the leaf is 
coi^mected whh that of the axis. This almost forgotten discussion is <|uoted 
here as an example of an attempt, actually made, to impose an embryo- 
logical idea derived from the study of animals upon the embryology of the 
higher ]>lants; and it shows how, when submitted to the lest of detailed 
observation, it has been rejected. It must be clearly understood that such 
comparisons deal only with distant analogies, and that for reasons such as 
those already explained the methods and arguments of animal embryologists 
are not transferable to the embryology of the sporophyte of plants. In 
[wmt of fact, hitheito plant-embryology owes little 10 animal embryology 
beyond the confusion of thought which follows on fallacious comparisons. 

I he success of Naegeli and J^itgeb in recognising and delineating the 
apical cell, and the regular succession of its segmentations in various 
plants, turned the course of accurate observation about the middle of 
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th^ la(>t century into this channel. Without their having any clear under- 
standing what the apical Hegmentation signifiedj it became an object for 
investigators to define its details in representatives of all the main groups 
of plants^ and the attempt was made to correlate the segmentation observed 
with the initiation of definite external parts or internal traas of tissue. 
With regard to the former, it is undoubtedly the fact that the appendages 
in certain of the lower organisms may be directly correlated with apical 
segmentation r this is seen, in many Algae : in Mosses also each segment 
of the apical cell gives rise to a leaf, and Naegeli, who looked upon the 
apex as a dominating influence, held that the same was the case in 
Pteridophytes as well. But a general revision of the question has led 
Schwendener to the conclusion that the origin of the appendages in the 
Pteridophytes is [lOt necessarily connected with or determined by the 
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segmentation at the apex. I'he genus Et/uisetmu is a good case in 
point ; for though the segments of the apical cell are constantly arranged 
in three longitudinal rows, still the number three does not dominate the 
variable numbers of leaf- teeth in the whorls of the mature plants of the 
genus. Moreover, as the leaves of successive whorls alternate, while the 
successive segments do not, it w'outd be difficult to trace any constant 
connection between them* Even in E. seirp&ideSf in which the leaves 
are regularly three in a whorl, Schwendener has shown that these are not 
directly related to definite segments (Fig. 91).* The slender apices of 
Sa/virtia and Azo//a have been held to show a constant relation of 
appendages to segments; but even here, though a numerical correspondence, 
may be traced, the successive leaves arise in different parts of the corre- 
sponding segments, being placed alternately iti their upper and lower 
halves. In the Ferns there is not any regular numerical relation between 
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segments of the ApiCAl cell and the appearance of leaf-primordia : ^cluvcn- 
dener has even been able to show that where the arrangement of the 
leaves is spiral, the spiral of leaf-arrangenient may be anti<iromoLis to that 
of the successive segments, and he stales that the latter condition is 
almost as common as that where the two spirals are iKmiodronunts, Jl 
thus appears thatj in those Fteridophytes in which the apical segmetuation 
is most regular, no constant relation exists between the formation of 
segments and the origin of the appendages t Naegelis conception of the 
apex as a dominating influence in this matter is not supported b}' the 
facts. And here it may be noted that eien in the embryo of the Higher 
Plants there is evidence that the first cleavages in the embryo do not 
define the position of the parts ^ for it has been found by Westennaier ^ 
that the primary median wall of the embryo of Cruciferae has no strict 
relation to the position of the subsequent cotyledons. 
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A somewhat similar idea to that above discussed was initiated also 
in relation to the internal differentiation of tissues. Naegeli and Leitgeb 
established early the relation of the outer limit of the central vascular 
cylinder to the first peridinal wall tn segments at the apex of the root 
in Erimsetaceae, Marsiliaceae, and Polypodiaceae (Fig. 93). Subsequently 
Hanstein’s study of the meristems in certain well-defined cases of the 
Higher Plants led him to distinguish formative tissues giving rise respeC' 
tively to epidermis, cortex, and vascular cylinder: these he designated 
dermatogen, periblem, and plerome. As the .study of the tissues became 
more exact, and took form in the stelar theory of Van Tieghem, the 

^ A’tf^ CVv/., vol. Ixsvii.j p, 122^ ^899^ 
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generalisation came to be widely accepted that the delimitation of the 
embryonic tissues by Haiistein should coincide exactly with that of the 
mature tissues by ^'an Tieghem, and that this is generally applicable to 
stems as well us roots of Vascular Platus, 

Uut this whole subject has recently been submitted to a detailed 
revision by Schoute^^ and it has been shown that the generalisation of 
Hanstein — that the three formative regions exist at the apex — was based on 
a very narrow area of observation. As a matter of fact, there is no separate 
origin of them in Pteridophytes, for they all spring from the initial cell or 
cells. In the Phanerogams such separate origin is best seen in rootSj but 
even there it is not constant at the extreme tip. In stems it is only seen 
clearly in some few cases ; in most stems hardly at all. The dermatogen 
is the most frequently and the most clearly defined of the three : the 
distinction of pcriblem and plerome iir stems is only rarely carried out^ 
Neither is the partitioning of the formative regions in the embryo clearly 
marked at an early stage in vascular plants at large : though there is some 
approach to it in some I'Jicotyledoiis, the Monocotyledons and Gymno- 
sperms show little regularity, and it is almost entirely wanting in some 
plants. Thus it cannot be said that the details of development of the 
embryo in any way strengthen the position as regards the formative regions 
of Haiistein. ^Fhe general conclusion seems a justifiable one, that no 
great morphological importance is to be attached to the formative regions 
of Hansiein since they are so commonly of inconstant occurrence. 

An examination of the further question whether the dermatogen really 
produces epidermis, the periblem cortex, and the plerome the central 
cylinder, also shows inconstant results. In those roots in which peribkm 
and plerome are clearly defined at the apex the cortex does originate 
from the periblem and the central cylinder from the plerome, though this 
does not hold exactly for all roots. But in stems the correspondence of 
Van 'rieghem's primary tissue- systems ivitb the formative regions does not 
hold : it is not even carried out exactly in the single regular example 
which has been described, viz. Htppurh : for here, according to Schoute, 
the endodermis and part of the cortex may be derived from the plerome. 
It is thus seen that the case is similar to that already discussed of the 
relation of apical segmentation to the origin of the appendages: in certain 
few examples the early segmentation may coincide with the definite mature 
condition, but in the great majority no such regular relation exists in 
either case* Where it does exist it may be held to be casual rather than 
causal, and will bear no constant phylogenetic significance. 

The reasonable degree of success which seemed at first to attend these 
efforts to correlate with early segmentation at the apex not only mature 
external form, but also internal structure, ted to a peculiar development 
in the study of the primary origin of the embryo from the egg. However 
clearly we may now see that the position assumed by the investigators of 
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iS70'iSSo is untenable In face of present facts^ still tlieir rcasoninj^ was 
correct: and quite logically (provided the premLses were sound) it was 
argued that if the segmentation at the apex of axis or root defines and 
dominates the later deveiopniem of its tissues or appendages, tlien a similar 
Importance, but enhanced by its earlier position in the individual life, shtndd 
attach to the first segmentations of the zygote. Accordingly the study of 
segmentation was assiduously pursued back to the earliest stages of the 
embryo; and, as apparently confirmitig the position, the fact was disclosed 
that a high degree of constancy rules in the first fissions of the ovum of 
the Archegoniatae. Algo it was found possible, with some degree of Cer- 
tainty, to assign specific developmental functions to the earlier segments : 
thus the first or basal wall was seen to sef>arate a part vrhich habitLiall}' 
formed the shoot from a part which habitually formed the foot or root: 
further, the four quarters of the Fern-embryo were shown to correspond to 
the points of origin of stem, leaf, root, and foot : and as the Leptosporangiatc 
Ferns were regarded about the time when this work was being done, as a 
fundamental type, the effort was made on the basis of the Fern-embryo, to 
construct what might be called a general embryology founded upon study 
of cel I -cleavages. This was extended not only to the various types of 
Pteridophytes, but also, irrespective of the great systematic gulf which lies 
between these classes of Plants, to tlie Bryophjtes. An example of the 
lengths to which this embryology based upon cell-cleavages was driven is 
found in the comparison of the embryo of a Fern and of a Moss, by 
Kienitsi-GerloEi He recognised the basal wall of a Ferivembryo as com- 
parable with that of a Moss : the epibasal half of the embryo in the latter 
divides into quadrants, of which one develops no further, while the other 
forms the whole of the upper part of tl^e sporogonium. Since this quadrant 
corresponds in position, and in some degree in segmentation to that which 
forms the leaf of a Fern, it was suggested that there is a true homology 
between the sporogonial head of a Moss and the leaf of a Fern, Such 
comparisons die hard, and this one still figures in the morphological arena. 

A more reasonable position, and one which is likely to leave still more 
permanent effects on current embryology, was that of allocating certain organs 
of the embryo to certain octants resulting from the primary segmentadot^ 
of the zygote. It is true that the cleavages are relatively constant in certaft> 
forms : and that the position in which the several prts originate may also 
show a high degree of constancy, The reference of such parts in or]gii> to 
certain octants presupposes that there is some causal connection between 
the two. There are, however, good reasons for not conceding any such 
causal connecdon. Tht first is the fact, now demonstrated even in cases 
where the apical segmentation is regular, that the parts of the mature 
spotophyte are not referable in origin to definite segments, A second is 
that m many cases though the part in question may be referred in origin 
to a definite octant or octants, only a relatively small part of those octants 
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may jxn ticijxite m the growth ; while, conversely, the growth may actually 
extent! in some cases to other octants than those cited. Further^ in certain 
cases, and especially in the Lycopodiales, the relative position of the parts 
of the embryo is i^ot constant. There are thus dii¥tcijlties in the way of 
according any high intportance to the primary segmentations of the embryo. 
From the facts as now known, it would appear more natural to regard the 
embryo as a living whole : to hold that it is liable to be segmented according 
to certain rules at present little understood 1 that its parts are initiated 
according to principles also as yet only dimly grasped ; that there may be, 
and sometimes is, coincidence between the cleavages and the origin of the 
parts, but that tlie t^vo processes do iiot stand in any obligatory relation 
the one to the other. 

v\'hile the embryology based on celhcleavages was developing^ Sachs w^as 
engaged in maturing his comprehensive views on the arrangement of cell- 
walls in the youngest parts of plants. His recognition of the prevalence 
of rectangular division of the cells^ coupled with the demonstration that 
the same mode of segmentation may occur in such diverse bodies as embryos 
and superficial hairs, went far tow^ards reducing the arrangement of cell 
walls to a general rule i it became apparent that the first cleavages of the 
embryo are not so much the indications of a phylogenetic history, as the 
necessary consequences of rectangular division in a body of approximately 
spherical form. And now' that finally The demonstration has come that in 
the continued embryology at the apex of stem and root the segmentation 
has no strict or constant relation either to the formation of the appendages, 
or to the internal differentiation of tissues in plants at large, the logical 
foundation has been s^vept aw^ay from below the feet of the adherents 
of arguments from cleavage. For here as elsewhere we are bound now 
to admit that there is no necessary or constant relation between cell- 
cleavages and differentiation, external or internal. Such relations may 
exist, it is true, and they sometimes do; but their inconstancy shows that 
they cannot be made the subject of general argument. 

It will thus appear that the methods of embryology hitherto employed 
require considerable revision, so as to bring them into line with the facts 
already observed. Excepting perhaps within narrow' circles of affinity, and 
especially in those where definiteness is the rule, arguments from detail 
of segmentation must be discounted : and this will be so in regard to the 
initial embryogeny of the sporopbyte, as much as to the continued embry- 
ology close to the growing apex. Concurrently with the gradual acquisition 
of the facts which have led to this general conclusion, there has grown up 
a definite tendency of thought towards a new' view of embryological facts. 
The assumption of some unity of plan, or type of construction of the 
embryo in Archegoniate plants, which so long dominated these comparisons, 
has relaxed its bold : in its place has come the desire to study the young 
sporophyte biologically, as a germ to be nursed by the parent plant, in the 
Bryophytes till full maturity, but in the Vascular Plants for a time onl), 
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till it Is established in the soil And as the prothalliis differs in foriii and 
position, in and in duration of life, so the genn ilsdf may differ in Uic 
place and time of origin of its parts, as well as in their form and siruciure, 
A few illustrations will show how this point of view gradually asserted itsdl 

In 18S2 a comparative revision of those parts which serve as haustoria 
in various embryos led me to the conclusion that they arc not to be regarded 
as clearly defined morphological members, but rather as swellings of the 
hypocotyi, which arise only where they are required for the first processes 
of development and nutrition of the young embryo.' Some years later 
Treub introduced his theory of the “ ProtocornC":’ theoretical considera- 
tions of the biological condition of the young embryo had led him to 
conceive of an organ preceding in descent the leafy shoot, such as is now 
seen in Vascular Plants ; and this he recognised as actually present in the 
embryonic tubercle of certain Lycopods ^ a preliminary stage, in fact, winch 
is to them as the protonenia is to a Moss. Whatever vietv we may now 
hold of the protocorm, this theory takes its place as a further step towards 
a biological rather than a purely formal study of embryology. At the hands 
of various other writers such views have been further developed, especially 
in relation to the better knowledge recently acquired of the embryoloi^y 
of the Lycopods and Ophioglossaceae : and it was thus open to Goebel ^o 
formulate the position, as he does in his Orgmui^mpky?' Having shown 
that external forces do not come into consideration in the arrangement in 
space of the parts of the embryo, ^ he points out that we need only consider 
internal factors, and say generally that root, shoot, and haustorium are laid 
down in the positions that arc most beneficial for their function. Thk 
IS in fact an extension to the whole embryo of the conclusion which I 
had applied in iSSs to the foot only. Comparative embryology of the 
sporophyie would thus become essentially a study of the circumstances 
and conditions which influenced the embryo during its evolution, and of 
the way in which the germ is formed to meet them. 

But it may be enquired w'hether the germ itsdf does not still show 
beneath these adaptive modifications, some characters of a central type P 
Is all trace of the early evolutionary history eliminated by the subsequeiU 
modifications? There is at least one leading feature which remains traceable 
with some degree of constancy throughout the series of known embryos 
of the Pteridophyta : it is found in the relation of the parts to that initial 
polarity which is established at a very early stage in them all. This may 
often remain obscured owing to the precocious development of certain 
parts, in response to biological requirements; but nevertheless, it will be 
shown as the several embryos are described, that the apex of the axis has 
constantly a position in close relation to the intercrossing of the octant- 
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walls of tbe epibasal bemis[>here of the embryo. This position of the 
apex of the axis remains the ?5ame though the appendages may vary greatly 
in their number, their position^ and their relative lime of development. 
It is also important to observe that the cotyledons sltow a constant 
orientation to this point, as to a relative axis, whether or not the apex 
of the axis is early developed as an obvious cone. These relations appear 
to be the most constant among the other fluctuating features of the 
various types of Pteridophyte embryos j the theory of the strobilus con- 
templates the phyletic pre-existence of the axis : the early and constant 
definition of the polarity thus seen in the primary embryology is a material 
fact in relation to that theory. 

Goebel further enforces the point that differentiation of the primarily 
similar ceils of the embryo lakes place gradually, and that the actual 
distinction of the organs begins only late, even though the arrangement 
of the cells may allow of their position being recognised at an earlier 
period. The actual time of their distinctive development may vary in 
different cases, and it is often possible to correlate this with the biological 
requirements ; for instance, the Fern-prothallus is a limited body, with 
small powers of nutritive supply : it is therefore essential that the young 
Fern -plant shall soon establish itself* and accordingly its parts* especially 
the leaf and root, are rushed forward comparatively early. In the case 
of bulky prolhalli with large reserves of nutrition, on the other hand, such 
as those of the Lycopodiaceae and Opliioglossaceae* the parts of the 
embryo are differentiated relatively late, not being required for immediate 
action, but even within near circles of affinity there is considerable variety 
in the time of appearance of the organs of the embryo. Jeffrey points 
out how in and An^iopitrh there is a precocious development 

of the cotyledon, while in Dimata it is the root which first shows 
prominently,^ A somewhat similar state of affairs is seen in the Equisetaceae, 
where E. arvtnse and hkmak have a precocious root, while in ibttosani 
and pahistr^ the root is of later appearance. Among the Ophioglos&aceae, 
in O* p^ditnad&mm the cotyledon first emerges, while in 0. ptHduium^ 
and and in Botryckium Lunaria and virgbiianum the root takfs 

the lead. 

Lastly, there is variability in respect of the suspensor. It is present 
in Lycopodium and Sd<igiitdla but absent in Isottts. It is absent in ah 
E^fiiseiit and Ferns, and in all Ophioglossaceae hitherto observed* excepting 
Boiryckium oklu/iium, according to H* L, Lyon,^ It thus appears that 
within near circles of affinity there is usually constancy of the suspensor, 
but that exceptions may occur even within the single genus. 

There is thus a considerable latitude of detail in the development of 
the embryo in Pteridophytes* and even within near circles of affinity. In 
face of this, the whole conception of embryology should be more plastic 

* GamtiifphyU ^ Tarouto, 189S* p. 
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than has often been assumed^ and comparative argiiinciits based on 
embryo] ogka] facts must be used with the greatest caution. 

rhe independence of origin of the separate parts thus seen in some 
degree in the embryo calls for further consideration, since it is shown also 
elsewhere than in the normal embryo, and it will aHTect in some degree 
the conception of the nature of the parts of the plant. It is a common 
eNperience in the plant at large that roots may arise independently of 
other parts; frequently their occurrence is irregular both in number and 
position, and this finds its iilustration in almost all the large groups of 
plants. Goebel^ quotes examples of “ free-living ” roots, which do not 
spring from a shoot at all, in Pyr0ia and Momtropa : he legards these 



as derived from the nornial 
life of these plants. A very 
of roots is shown in the 
abnormal! cases of apogamy 
described by Lang (Fig. 
93) \ for here numerous 
roots were formed inde- 
pertdently of any other 
parts of the sporopbyte; 
thus the idea of detach- 
ment of the root is already 
a familiar one. On the 
other hand, the current 
conception of the leaf is 
of a part in close genetic 
connection wiih the axis i 
but this also has been 
shown by Goebel to be 
open to exceptions* He 
describes cases of free- 
living leaves. 2 The old 


the sa prop tiy tic mode of 
llustration of the detachment of origin 


in accordance ivith 
peculiar 
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morphological dogma asserted that a leaf could only arise out of the 
vegetative point of a shoot ; but Goebel accepts the facts disclosed in 
Lgftma and Uirknhria, as well as the condition of the embryo in many 
Monocotyledons, as overthrowing this dogma. In the latter case the 
cotyledon arises without any vegetative point of an axis being visible. He 
also quotes the case of Adianium Ed^iwo^ihi, a Fern which produces buds 
at each leaf-tip.® Phis case I regard as being important for comparison 
with the condition .seen in embryos ; for according to Goebers description 
and drawings (Fig. 94), the first leaf of the new bud arises not from tlie 


* Organography, p, 2^4. % 
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ieaf-lip which supplie^i (be Eipex of the new bud, but from a position near 
it upon the convex side of the mother-leaf. As Goebel remarks, this finds 
its parallel in the formation of the embryo and in the apogamous origin of 
a Fern-plant on a proiltallus. Through such examples we arrive at a coH' 
ception of a leaf also as a part which may be at times of independent 
origin, and not necessarily produced from a pre-existent and obvious axis. 
But the cases above quoted from mature plants are almost certainly 
secondary, and are probably conseqtieiit upon peculiar conditions of life. 
The question then presents itself whether the independent origin of a leaf as 
it is seen to occur in certain embryos is not also a secondary condition in 
descent, and a consequence of what might be called anticipatory develop- 
ment of that part of the shoot, to meet such early biological needs as that 
of assimilation or of storage? It is impossible to answer such a question 
with any approach to proof 1 nevertheless the case of A. Mdgworthi is 

very suggestive of such a 
detached and antic i[>atory 
development of an indivh 
dual part. Clearly the early 
appearance of a leaf in the 
Fern-embr}^cj would be an 
advantage, while the axis 
is in no way essential for 
the performance of its first 
functions. If such be the 
origin of the first leaf or 
leaves of a sporophyle em- 
bryo, then so far from their 
independent position being, 
as is usually assumed, the 
primitive position, it would 
be secondary, a mere result 
of adaptation to the early 
requirements of the em- 
bryo* This question will 
be specially studied later 
in connection with the 
embryogeny of the Lycopods, a family in which the diversity of character 
of the prothallus has imposed considerable and instructive differences of 
development upon the embryo. Meanwhile I see no sufficient reason, on 
the ground of their position or the mode of their origin, to regard the 
“cotyledon” or “protophyll" as representing a category essentially apart 
from foliage leaves nor does the apparently independent existence of 

^Goebel, Organc^graphy^ it., p, 400, r«niark& specifically for Pteridopliytes 
cotyledons **are without exception arrested forms of foliage leaves”: extends the 
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cotyledons or protophylls raise any insuperable obstacle in ihe uay of a 
theory of the strobilus as stated in a previous chapter, so long as they 
are held to be anticipatory yroi^ths in the sense above ex[>]Eiined. 

Prom the above pages it will be seen that the foundations of recent or 
current embryology of the sporophyte are 0[>en to critic ism, 'Phe analogies 
with animal embryology are misleading: strict recapitulation is not to be 
assumed where, as in plants, continued embryology holds sway: segmenta- 
tion appears to be a phenomenon connected in no obligator}^ sense witli the 
origin of organs: the relative position of the parts of the embryo, though 
it may be fairly uiiiforni in circles of near affinity, is variable according 
to biological requirements which are readily intelligible in the establish- 
ment of the germ; the relative time of origin of the parts may also be 
variable, even within circles of near affinity. The question will therefore 
be what weight in our comparisons is to be accorded to tliese somewhat 
fluctuating facts of the primary' einbryogeny of the sporophyte? They 
have been very highly estimated in the past; while not denying their 
value, I think that they have been given altogether undue precedence over 
the characters of the sporophyte which appear later, and this opinion is 
based both on general considerations and on detailed comparison. Accord- 
ing to the view^ of alternation advanced above, there does not appear to 
be any sufficient reason for attaching special comixarative importance to 
the initial steps of the primary embryology. If it had not been for the 
recapitulation theory of the zoologists, it is improbable that this position 
would ever have been adopted in the case of plants. The more natural 
inference from the facts would probably have been the conver.se, that is, to 
attach greater weight to the characters of the mature shoot: in fact, the 
position now is that the embryogeny must be interpreted in terms of the 
mature plant rather than the converse w'hich a recapitulation theory would 
demand* For the reasons thus stated the initial embryogeny of the sporo- 
phyte will be accorded only a minor place in our compaiisons; when 
once the earlier, and in considerable degree adaptive embryonic phase 
IS past, and the form characteristic of the mature plant is by way of 
being established, this would seem to be a more reliable basis for com- 
parison than any minute details of the initial embryogeny*^ Probably the 
strobilus itself w'ill give the most trustworthy basis of all, 

But it is not to be concluded that recaj>liulation plays no |>art whatever 
in the development of the sporophyte. Seedlings of many plants with 
highly specialised shoots, such as the phyllodineous and spinous 

plants such as start with a postcotyledonary shoot of simple and 

not specialised form, characteristic of the group to which they belong; 
they only assume their peculiarly adaptive character later. 'Fhey thus 
reflect in some degree in thdr ontogeny the history of their specialisation. 
Such facts are familiar, and the interpretation generally accepted. But 

' Miss Thomas 190?, p. 77, dcO has a similar view a. 
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it does not follow from its acceptaiice in these cases that a theory of 
recapitulation can he applied consistently, or in detail, to all phases of 
developcnent, or that evidence of it is to be found necessarily in the 
earliest steps of the embryogeny. It remains for the morphologist to draw 
loi himself the reasonable limit of its application. If this be done^ and 
especially if the variability exists be duly appreciated, then the early 

stages of the initial embryogeny of the sporopliyte will take their right 
places and recapitulation iivill be traced as a liiihted phenom^^non only, 
applicable, it is true, to the case of relatively recent adaptations, but not 
with eciual ceriaint)' to the far-aw'ay facts of the past^ I’or reasons such 
as are explained in this chapter, it ^vill not be assumed that plants so 
diverse as are the main groups of Archegoniatae show^ in their early seg- 
inentatiot^, or in the initial form of their embryos, any detailed reflection of 
ancestral characters. Ihe facts observed should be used with the greatest 
caution, especially where the comparisons are made between representatives 
of phyla which must have diverged early from some primitive stock, if 
indeed they be related at all 


Certain points touched in tlie above discussion will help tow^ards an 
understanding of the relations of sporophylls and foliage leaves to the 
first leaves of the embryonic plant* In Chapter XIII. it was concluded 
that in certain cases at least foliage leaves are to be held phylogeiietically 
as sterilised sporophylls: and the question remains whether or not all 
non’prO|>agative leaves, including the cotyledons themselves, originated in 
this way* There seems to be a high probability that in the Pteridophytes 
they did. There is no reason to hold that their first leaves differ in any 
essential point from those which are formed later: frequently they resemble 
the later leaves closely in outline; but they are sometimes characterised by 
peculiarities of form, though these are less marked than in the cotyledons 
of Phanerogams. Sometimes the first leaves in Pteridophytes arise laterally 
on an axis already defined ; but in other cases, and especially 

in the megaphyllous forms, the first leaf or cotyledon may appear prior 
to any definite outgrowth of the axis itself* This fact may be held to be 
in itself an inherent objection to ranking the cotyledon as the equivalent 
of a foliage leaf which arises from the axis ; but this objection is met by 
the fact that free-living leaves, apart from any obvious existent axis, do 
occur elsewhere in certain specialised cases: these may be interpreted as 
originating by an anticipatory development, though still in relation to an 
axis not yet defined by external gro-w^th, And so also the cotyledon in the 
Fern may be held to be essentially an appendage of the axis, the central 
point of which is already defined in close relation to the intersection of 
the octant w^alls of the epl basal segment, but not characterised as yet by 
external growth : the cotyledon, on the other hand, is hurried forw'ard 
precociously in its development to meet the physiological need for nutrition, 
but maintains nevertheless its orientation relatively to the deferred axis* 



ONLY ONE CATEGORY OE LEAVES 187 

This precocity^ however, does not alter its nature ai an early foliage leaf, 
bearing es&entially the same relation as others do to the 5|xjrophy]ls, :iiid 
to the relative a^iis^ 

In support of this conclusion it may be noted that, according to Praml, 
even the primoidial leaves of are sporophylls, so 

that sterile leaves do not exist at all in that species*^ No more complete 
demonstration is possible than this of the correctness of the conclusion 
that the cotyledon is the equivalent of the foliage leaf, and of the sporo- 
phylL rhe position at which we arrive is then this: that foliage leaves 
are sterilised sporophylls, and the protophylls or cotyledonary leaves are 
further modifications of the same type. In fach all those parts which 
are commonly styled leaves ” on the Pteridophyte plant belong to the 
same category, but differentiated to meet special needs. 





CHAPTER XV. 


ANATOMICAL EVIDENCE. 

In the previous chapter it has been sho^vn tliat early embryologieal detail! 
is an insecure guide for purposes of conipaiison : that segmentation is not 
related with any general constancy to the origin of the appendages : also 
that the anatomical regions of the mature part are not defined with any 
constancy by early segmentations at the apex. It remains to enquire in 
what way the anatomical characters of the mature parts w'ill affect the 
questions discussed, and especially whether they tend to support or to 
refute the strobiloid theory as put forward in Chapter XI. 

The most pregnant change in anatomical view effected during the last 
half century has been caused by the introduction of the Stelar theory of 
Van Tieghem. Prior to it the individual vascular strand, pursuing its 
course from the appendage into the axis, was regarded generally as the 
structural unit of the vascular system of the whole shoot. This was a 
natural consequence of that detailed investigation of the course of the 
individual vascular strands which was initiated with such success by 
Naegeli, and extended by mar^y other writers, The position taken up by 
these observers is admirably summarised In the Comparative Anatomy of 
De Bary : from his account it will be seen that the method of anatomical 
study, as well as its result up to 1877, was such as to give prominence 
to the individuality of the leaf: the facts as there stated might almost be 
read as an expression of phytonic theory in terms of internal structure, 
since the chief aim was to follow downwards to its termination each 
individual strand of the leaf- trace. A phytonic view of the facts 
never explicitly set down by De Bary, though the under- current of 
thought seemed clearly to lead to an analytical rather than an integral 
view of the construction of the shoot. 

But very soon this was corrected, on general and external grounds 
rather than on those of anatomy, by Sachs: for in his Lectures on the 
Physiology of Plants <i8Sz), he strongly insisted on the contemplation of 
the shoot as a whole. It is impossible to say how far this may have 
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influenced the thoughts of Van Tieglicm, and stimulated liim in die 
direction of liis later generalisation ; but it may be remarked tliat wliat 
Sachs did in urging the integral view of the shoot on more general 
grounds, Tieghem, by his introduction of the stelar theory in place 
of the mere study of the individual vascular strands, did on a basis of 
anatomical investigation* Both of these reforms tended in the same 
direction, viz. towards the conception of the shoot as a whole, with axis 
and leaf as its constituent parts. U may be said that any step of 
observation or of reasoning which tends to emphasize the primary indi- 
viduality of the leaf, leads towards some phytonic theory of the shoot at 
large t any step which tends to emphasize the primary individuality of 
the axis leads towards some sirobilofd view. The effect of the stelar 
theory of Van Tieghem has been in the latter direction. The Tecogniiion 
of the vascular column of the axis as a structural unit of the conducting 
system has gone far towards the reinstatement of the axis on the basis 
of structure, as a substantive and essential part of the shoot ; and the 
change of view has been in opposition to those phytonic theories which 
would regard it as a mere congeries of leaf bases. It will accordingly be 
important to consider this matter carefully in its bearings on the general 
theory of the shoot in the sporophyte* 

Van Tieghem recognised the central cylinder of the axis in the great 
majority of plants as an anatomical region coordinate with the anatomical 
regions of the cortex and the epidermis, w-hich lie outside it ; he designated 
it the stele. This cylinder is delimited by certain continuous sheaths : the 
inner, the pericycle, belongs typically to the stele ; the outer, the en do- 
dermis, belongs to the cortex : the boundary of the tissue held to be stelar 
is the surface between these contiguous layers* The stele thus defined 
consists of vascular tissue — xyiem and phloem — and of conjunctive tissue 
—usually parenchyma. In certain plants throughout, and in certain regions 
of other plants, the structure of the vascular tissue of the axis is relatively 
simple and compact, consisting of a solid central core of xyiem, with a 
peripheral band of phloem i this w-as probably the primitive or original 
type, though it may also result, as in some well-known cases, from reduc- 
tion : it is designated the proiostek. But in very many shoots the type 
of stele is more bulky owing to the presence of parenchymatous tissues 1 
the vascular tissue may thus be separated into distinct strands, and in 
that case they are usually arranged with a radial symmetry and embedded 
m the conjunctive parenchyma: this tissue occurs i>artly as the pith, which 
occupies all the central region, partly as a lateral and external {jacking for 
the several strands. Such a stelar structure, of either the compact or of 
the more bulky type, is found in the axis and in the root of the vast 
majority of s|jorophytes* 

Eitceptional arraiigemems exist, however, in certain cases: the most 
important of these is the polystelic type of stem-construction, which is 
found in many Pteridopliytes and in some few stems of Phanerogams. 
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It h indicated by the presence in the transverse section of two or more 
vascular masses, each being constructed and delimited in the same way 
as the single stele of normal axes. At ftrst it was thought by Van Tieghem 
that to produce this condition the stele, originallj" simple, underwent a 
branching, notwithstanding that the axis in which this would take place 
remained simple. This suggestion seemed inherently improbable, and it 
has since been shoxvn by direct examination -of specific cases that the 
real origin of the polystelic state as it occurs in Ferns is by the formation 
of large leaf-gaps below the bases of insertion of the successive leaves : 
the steps of increasing complexity of stelar structure in Ferns have been 
tentatively outlined by Cjwynne-Vaughan as follows i The most primitive 
type of vascular consiruciion was probably the single protostele, with 
uninterrupted central xylem, and this is met ivith in some of the early 

hern types in the mature stem, but it is also seen in , polystelic types of 

herns at the very base of the young plant. Internal parenchyma then 

makes its appearance about the peri- 
phery of the protostele at points just 
V above the departure of the leaf-traces: 

advances gradually inwards from 
^ I these points until the most central 

/W \ region of the stele is affected. A struc- 

I ture resembling a cylinder or, as it is 

f. . - r ■ rtn -. r-.!.- - n- .. / styled, a “ solenostele," may then be 

F,G. 95. attained by the gradual differentiation 

Di:igirAin v^viuinr pbloem and endodcrmis through the 

system of ihizome, iiidudins a ncnU snd the CaT nn; ill rntinri InctHp of the 

busc cHf ,1 Jt.irtr.ice. 'f he iurfacc of thu 'cai-gaps ailQ ail TOUllO inSlOC Ul 

xylem^ring. Beimv the insertion of 

each leaf a large leaf-gap occurs in the 

solenostele {Fig. 95): in transverse section at such ' a point the stele will 

appear as an incomplete ring. If, then, the arrangement of the leaves be 

a close one, two or more of these gaps would occur in a single transverse 

section, and the result w'ould be an appearance as of several steles arranged 

in a ring. These originate, however, not by branching, as Van Tieghem 

thought, but by resolution of the stele, first Into a cylinder and then into 

a cylindrical network. The lesult of this mode of amplification would, 

therefore, be more correctly styled “a dictyostele” rather than a polystelic 

state, and the pans “ meristeles " rather than a plurality of distinct steles, 

since the whole Is a result of amplification* not of branching, of the 

original monostele. 

But polystely is also found in the genus Se/agtrte//a. There is littlo" 
doubt that the monostelic type is the original one for this genus alsc^ 
since it exists in many species. The origin of the more complex state 
is, however, connected rather with the branching of the axis than with 
the insertion of the minute leaves. It has certainly taken place within 
the genus, but the comparative study of the illustrative species from the 
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developmental point of view is still retjuired before a complete elucidation 
is possible. The case for must also remain for the present 

unexplained ; but at least it seems almost certain that it is not a polystelic 
condition arising from overlapping of leaf-gaps, as it^ Ferns. 

Among Phanerogams the polystely in has been investigated 

by (jvvynne-\ augban, and the origin of St is again by a resolution of a 
primitive monostele. Perhaps the same may be the case for the more 
complex condition of G}nifiera^ but that is still uncertain. Of these 
isolated cases <^f polystely which exist among the vast majority of mono- 
stelic forms the Ferns are the most important: and as their case has been 
shown to be a result of amplification of the monostele* the existence of 
occasional exceptions elsewhere, not yet fully explained, cannot be held as 
a valid objection to the acceptance of the monostele as the fundamental 
type of structure in the sporophyte at large. 

Another mode of amplification of the protosteie is exemplified by 
Lycopods, and possibly occurs also elsewhere ; it is by the progressive 
c<in vers ion of a central tract of the xylem-core into parenchymatous tissue 
of the nature of a pith. This is probably related to another modification 
ol the stelar structure found in stems, viz. that designated the schizostelki 
or by some the asklU, state. Here the several vascular strands are not 
collectively surrounded by an endodermal ring, but are independent, and 
may ha^'e a special endodermal sheath surrounding each. This structure 
is found in some species of Kfjaheium and in certain Phanerogams, It 
seems to be generally admitted that in the stem this condition is derivative 
from the ordinary monostelic state, a conclusion which would naturally 
follow ill the case of the genus E^aisdmn from a comparison of its 
different species (Fig. 96). If this be so, then both the marked excep- 
tions in vascular structure in the stem are referable in origin to the usual 
monostele, and the conclusion seems justified that in the axis of Vascular 
Plants there is only one fundamental stelar type, and that is the mono- 
stelic type. The morphological importance of any character is held to 
be in accordance with its constancy in a large series of allied organisms; 
the general occurrence of a monostelic structure, or of arrangements 
derivative from it in Vascular Plants at large gives the monostele a 
place in the first rank as an internal morphological feature of the axis. 

The prevalent bifacial character of the leaf is apparent in the simplest 
forms of Vascular Plants, where its comparatively small expanse is traversed 
by a single vascular strand. This structure Is found in such primitive types 
as the Lycopods, Equiseta, /see/esj etc. ^VheTe the leaf is larger the 
vascular system is expanded in various ways : numerous strands may traverse 
it, diverging from one another towards the margin, but converging towards 
the base, where, with or without fusions, they may form a curved series 
as seen in transverse section (Fig. 97). The orientation with the proto- 
xylem tending adaxially is a constant feature. Each strand is surrounded 
by a definite sheath throughout its individual course, but on fusion two 
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or more may pass within a common sItoiIi ; a HaiteneU vastutar plak-, 
or it may be a curved scries of strands, is thus produced. In some Icavoi 
of Ferns and In some Dicotyledons the vascular tissue thus d]'Kj>osed in a 
curve as seen in transverse sect ion j with its concave surface upwards^ may 
show a dosing in of the lateral margins as the leaf base is approacl^ed ; u 
seems not improbable that this is connected with mechanical requirements* 
consequent on the leverage of a large leaf on its base. 1’his closing 
in may even be carried so far that the two edges may become contiguous, 
and the result will be a structure not unlike that of a cylindrical stele of the 
axis (Fig, 9S). But it wwld be a mistake, on the mere ground of such 
structure and without the check of comparison, to suggest any close identity 
of character of such “ pseudosteles ” with the stdar condition of the axis. 
I'here is reason to believe that these pseudosteles of the leaf are secondary 
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in their origin, for it is the fact that they are characteristic of leaves of 
relatively large size, while smaller leaves are typically dorsiventral in their 
vascular structure. Moreover, Professor Bertrand and others have been 
able to show by exact comparative analysis that even in very aberrant 
cases of Fern-i)elioles the pseudostelic structure is referable still to a dorsi- 
ventral origin* and is to be explained as the result of complex foldings 
and fusions of a banddike vascular tract. A somew-hat similar explanation 
may be given of the "pseudostdlc petioles of such Dicotyledons as are 
quoted by Schouie {U., p 15S) and of the polystelic petiole of Prhmla 
examined by Gwynne-Vaughan ; these may be held to be secondary 
modifications of a structure originally dorsivential* atvd the position may 
accordingly be summed up as follows; The construction of the axis is 
essentially cylindrical* and finds its anatomical expression in the cylindrical 
stele; the construction of the leaf Is essentially dorsi ventral, and it finds 
Its anatomical expression In the isolated vascular strands disposed dorsi^ 
ventraliy. Both these are liable to modification In special cases, thus by 

N 
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break] ni: up of Ihe itele iu Ciinain aves a schijiosielic dilate with individual 
strands may Ije attained;. InU comparison shows that these are not the 
phylogenetic eqnivaleiits of tl^e indiviJijal strands of the simple leafj though 
they may be coiUimied outwards into the leaves ^ conversely, in the pro- 
gressively developing leaf, a pseuclostelic structure may be produced by 
fusion of strands j^hylogcnettcally distinct; but again comparison shows that 
this is not the phylogenetic equivalent of the primitive stele of the axis, 
but a condition secondarily derived. 
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It is necessary thus to differentiate characters which are primary from 
those which are secondary. It has long been recognised that the distinction 
cannot always be maintained between axis and leaf on the basis of strict 
criteria of form or structure : exceptions can be found to all morphological 
criteria proposed. Still, if on a basis of comparison the primary and 
secondary conditions be clearly kept apart, the divergent anatomical 
characteristics of the two parts become sufficiently obvious. Accordingly, 
in our view the structure of the leaf is recognised as primarily &$idu 
throughout, that is, the isolated strands are not to be held as results o 
resolution of a primitive stele ; where an apparently stelar structure appears 
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in the leaf it would at best be only a p^cudmiek^ secondary in fjris:;in, and 
thus phylogenetically distinct fiom the stele of the axis, The priinaiy 
structure of the axis is where isolated strands occur in tin. 

axis, each with its sheath is a ^chhosich\ a result of secondary sej^reg;Ui<jn 
of the component tissues of the stele. 

In this connection It is important to recall the old distinction between 
"common" and "cauline” vascular bundles. In the former the lower 
part of the course of the individual strand is m the axis, the upper extends 
into the leaf: m the case of the tissues which may be styled cauline, the 
course is within the stem throughout. From a theoretical point of view 
the existence of caiiline vascular tracts is important, for it accentuates 
the axis as something more than a mere basis for insertion of leaves, 
rhe further fact that the axial stele may be followed beyond the youngest 
leaf-traces shows that the vascular system of the axis has an objective 
existence independently of the leaf-traces, however closely it may bi^ 
connected with them in ordinary cases. These cauline extensions are 
prevalent in early Ptetidophytes, such as Lycopods, PsSlotaccae, and I'enis ; 
this fact must necessarily^ be of special interest in connection witli any 
theory of the origin of foliar developments in Vascular Plants. 

It is evident that the existence of a cauline stele bears directly 
towards a strobiloid theory of the shoot. This suggests the question 
whether any existing group of plants show a nascent condition of the 
vascular system of the shoot such as a strobiloid theory would demaiidj, 
viz, a columnar conducting stele^ with no appendages, or with appendages 
anatomically accessory to rather than formative of the central stela r column. 
In a paper on the conducting tissue -system in Bryophyta, Tansley has shoivn 
that such a structure is found in the more complex Mosses.^ In discussing 
the points brought forivard he very properly disavows at the outset any strict 
homology with Vascular Plants, remarking that it is almost as certain as 
any phylogenetic thesis is likely to be that the conducting tissues of Bryo- 
phytes have nothing directly to do with the origin of the conducting 
tissues of the higher plants. The main seat of the development of these 
tissues in Bryophytes is the gametophyte generation, which is in any case 
excluded from the comparison, since the vascular sy^iiein in Pteridophytes 
h confined to the sporophyte. And at the least it is extremely unlikely 
that the Pteridophytes have been derived from a Bryophytic ancestor w-ith 
a sporophyte showing anything approaching the specialisation of the moss- 
sporogonium, in which conducting tissues also occur* But it must not for 
this reason be supposed that the Bryophytes are of no interest in consider- 
nig the problem of the evolution of the vascular system In Pteridophytes. 


*y., i^d,, p. 2. M,. Tansley^s vie^s on this and 

subiictM, especially as atfeciing ibe question of origin of ihe diooi in the Filitaks 
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0 The opinions h,ro expressed I, are 



196 ANATOMICAL EVIDENCE 

We see among the former group plants in the very act, so to speak, of 
developing a conducting system in response to vital needs, and others m 
the mosi various stages of its evolution in complexity. The conditions 
under vvhich this evolutionary development occurred must have been 
practically identical with those to which the primitive Pteridophytic 
sporophyte was subjected, — gradually increasing adaptation of a simple leafy 
foim to terrestrial life. And the final result, as seen in the highest Poly- 
trichaceae, is so strikingly like the state of things obtaining in the true 
vascular plant as to furnish probably one of the completest and most 
interesting cases of homoplastic development in the plant* kingdom. It can 
liardly, therefore, be denied that the study of the conducting system in 
Mosses is calculated to throw most valuable side-lights on the question 
of the evolution of the vascular systems of the higher plants. 

As the result of his careful analysis of the tissues, Tansley' concluded 
that the highly developed Polytrichaceous stele is in the aerial stem 
essentially double in nature and phylogenetic origin, consisting (i) of a 
central primitive hydrom cylinder originally developed, and still serving to 
supply the apical bud, sexual organs, and sporogonium with water ; and 
( 2 ) of a double peripheral mantle of hydrom and leptom separated by a 
starchy hydrom -sheath, and all three layers composed of the joined bases 
of leaf-traces, and designed betw^een them to conduct ivater to and formed 
niaierial from the leaves. 

The bearing of these considerations on the problem of the nature and 
origin of the primitive stele among the Pteridophyies, as we find it, for 
instance, among the Sphenophyltalcs and Lycopo diales, is a very interesting 
question. Two alternative explanations of such a stele are possible 
According to a strobiloid theory, we may suppose the primitive Pterldo 
phyie descended from a form bearing a terminal fruit-body j this contained 
a primitive hydrom-stele comparable ivith that of the Mosses* but supplying 
the fruit-body directly, since it is developed in the sporophyte, instead of 
merely leading up to the base of the sporogonium. The lineal descendant 
of such a primitive hydrom-stele would then perhaps be seen in the central 
metaxylern of, for instance, Sphen^phyltum^ C^ieirostr^bus^ the L^idodmdra 
with solid steles, the monos tel ic Selagindias^ and (modified in various ways) 
in Psiloltifyii Lycopodium ^ etc. (Fig- 99)- Added to this would be the bases 
of the leaf-traces represented by the peripheral protoxylem-strands, and only 
evolved after the primitive sporophyte had thrown out leaves requiring a 
vascular supply connected with the main channel of the stem. The fact 
that they appear before the central xylem in the development of the 
individual stem would be merely in relation to the need for the early 
establishment of conducting channels to the leaves— a need which is 
universal in leafy vascular plants. 

On the other hand, under some phytonic theory we might suppose that 
the formation of leaf-structures requiring a vascular supply preceded the 

P- 35- 
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formation of a regular stele: in which case the !caf-trace5> represented in 
the first case by the protoxylem*strands, would be phylogenetically prior : 
the central inetaxylerrij on the other hand, would be a later formation, 
developed In the larger forms to furnish additional conducting channels to 



Fit, w 

A ipf>raiiBirt:roLis bj'.'itiirK irf jn lQngjnnJ;in:(] m^Ejoiv 

silently iiiiie:niFi<t], Aiijik iJ= ydufiB spoiling ij. 


supplement the protoxylems in supplying the needs of the higher foliage 
leaves and sporophylls. ^ 

In approaching an opinion on such a question much will turn upon the 
initial relation of the leaf to the axis in the evolution of the leafy sporo- 
phytcp a matter already discussed in Chapter XL If the leaf were from 
the first a preponderating influence in the shoot, then the latter explanation 
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would be the more probable : if the leaf were itntially a minor appendage, 
then the foriner of the iwo explanations suggested by Mr. Tansley will 
naturally follow. The facts are not decisive in indicating either of these 
alternatives t but a comparative study of the vascular relations of leaf to 
axis in the earlier leafy sporopliytes will throw a valuable side-light upon 
the question. Dr* Jeffrey * has distinguished two main types of relation 
between the vascular supply of the leaf and the vascular system of the 
axis* The one type he styles *‘cladosiphonic” : It is characterised by the 
insertion of the leaf-trace on the periphery of the axial stele, -which is itself 
hardly disturbed at the point of junction (compare Figs. 71 and 99). This 
is clearly the anatomical expression of the dominance of the axis in the 
shoot, for the leaf-trace is added as a mere appendage on the periphery 
of the otherwise cauline stele* In this respect the structure is like that 
described for some of the larger Mosses, This condition is characteristic 
of the Lycopodiales, Equlsetales, and Sphenophyllales ■ all of them small- 
leaved forms, and of early occurrence in the scale of vegetation ; and 
there is good reason to believe that it Is a really primitive condition 
in these early Pterldophytes. 

The other type recognised by Dr. Jeffrey is the phyllosiphonic,” which 
is characterised by the profound disturbance of the vascular tissues of the 
axis at the point where the leaf-supply is inserted : so much so that a 
distinct leaf-gap is produced, and connection may be established at that 
point between the central and peripheral tissues (compare Fig. 95). This 
is the anatomical expression of the dominance of the leaf over the axis in 
the shoot, and it is characteristic of certain largedeaved Pteridophytes, and 
is also general in Seed-Plants* As regards the latter, it has already been 
Seen in Chapter XL that certain of the Gymnospermic Seed-Plants have 
probably been derived, with progressive leaf-production, from a Filicinean 
ancestry : their phyl I osi phonic character supports this view, which is, how- 
ever, based upon a wide area of comparison on other points besides. It 
may be held as probable that the seed-beating plants at large were developed 
from a large-leaved ancestry, having undergone reduction of leaf-complexity 
in the course of their evolution* But while we thus recognise a probability 
of a widespread reduction producing relatively smalUeaved forms, it does 
not follow that all smaller-leaved forms originated thus : and the anatomical 
and palaeontological facts together make it probable that such small-leaved 
forms as the Lycopodiales, Equisetales, and Sphenophyllales were primitively 
small-leaved. 

It has been remarked in Chapter XI. that in the individual life, one 
or the other anatomical character is usuaily constant : this is true for the 
mature structure, but the transition from the cladosiphonic to the phyllo- 
si phonic may frequently be traced as the young plant of the latter type 
passes to the mature state. It has been shown very clearly in the case of 
Alsophila by Gwynne-Vaughan (le., p. 710) (Fig. 100) * here the 

^ Aftrft. Bostpn vol. v,, No. 5, 1899- 
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axis is protostelic at the base, aiid the first leaftrace may depart withintl in 
any way altering the structure of this stcle> thus showing the cladosipbonir 
character. It is only subsequently, by the omlapping of tliose intrusive 
pockets of phloem and endodermis winch accompany the exit of the loaf- 
trace, that a gradual transition is effected to the 


phyllosiphonic tj'pe. Thus the anatomical evidence 
indicates a probability that, even In large-leaved 
Ferns, the cladosiphonic was the primitive type ; 
but that the phyllosiphonic, once initiated, is as a 
rule maintained : this is shown by its persistence 
in the Seed-Plants, even where the leaf has been 
reduced in si^e. Accordingly the trend of ana^ 
tomicol evidence is towards the recognition of a 
small-leavedj strobiloid type of construction of tlie 
primitive sporophyte. 

It may be objected that in certain Pteridophyies 
the condition of the embryo is such as to militate 
against any strobiloid theory, and that their ana- 
tomical details offer as great an obstacle as their 
external form. The cases wliich will be cited are 
those of some Lycopods, in which the first leaves 
are isolated, and show no vascular connection whlh 
the later-formed leaves (Fig. loi): or my own 
observations on may be held as a 

valid objection, for there also a single vascular 
strand has been observed passing dow'n in one case 
directly from a protopbyll into a root, without any 
relation to the other’ members.' Such cases may 
be held to establish the individuality of the leaf 
anatomically before the axis has any existence. In 
the interpretation of these the discussion on embry- 



ology in Chapter XIV. should be recalled, and 

especially the opinion there brought forward that ni,„„„, 

the separation of individual leaves in certain cases 

from the rest of the shoot is a secondary condition, v b!:t£i;. 

J ’ in-e- pnltKtm anri 

resulting from what might be called anticipatory inJic.ntH by 

^ i it dtrtt^d lirWf tlic K riyvi nc3 ■ 1 1 FbUc 

development, to meet an early need for an assimi- wiiitc. (Afier Gwynnt.- 

latory mechanism. I he inconstancy of detail which 

is shown by the embryos of Z. €€rftttum^ and by the young annual growths 
of Fhylioghssum, is in Itself a support of this opinion. The vascular supply 
of ;he leaves thus isolated is separated it is true from that of the main 


shoot, but its septtratetiess may be held to be secondary, and not a proper 
basis for conclusions as to the primitive construction of the vascular system 
of the normal shoot. 


' i^hiL part ii., 1885, Tlate 71, Fig, 42A. 
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It appears, tlieii, that the anatomical evidence U consistent with the 
early existence of a small-leaved tj-pe of shoot in Vascular Plants. Com- 
parative anatomists are practically unanimous in recognising the non- 
medullated monosiele as the piimittve stelar type^ from which the itipre 
diffuse vascular types with medulla, and ultimately with separate strands, 
or it may be a dictyostelic state, were derived. Translated into terms of 
general morphology, this opinion indicates a primitive slate where the axis 
was structurahy dominant in the shoot. The derivation of more complex 
anatomical arrangements from the non-medullated monostele suggests an 




iUmbr^'O of aftei' Treuli, j t‘=rHMrt. 

= The numerous prolo^hylls c&maiis cmcti * vhTscuIst which is 

however disconnected from the rest. 


increasing influence of the leaf in the shoot at large, which finds its anatomical 
expression in various types of resolution of the stele into separate strands. 
The general conclusions from anatomy thus appear favourable to a strobiloid 
theory of the shoot, and lead us to contemplate a primitive condition, in 
which the axis was the dominant factor and the appendages of subordinate 
importance. And as this coincides with the story of individual develop- 
ment of the leaf upon the axis in all normal shoots, that coincidence should 
go far in supporting a strobiloid theory of the shoot in the spoiophyte 
generation. * 



CHAPTER XVI. 


SYMMETRY OF THE SPOROPHYTE. 

Among plants at large various tjrpes of symmetry are recognised. Tltc 
most simple form is the spherCt a type of symmetry without polarity, that 
iSt having no distinction of apex and base; it is the usual initial form of 
the individual, when it is first delimited as the zygote or the spore. Occa- 
sionally this form, may be retained to maturity, as in the sporogonium of 
Rkd(i\ but in the vast majority of plants polarity appears early in the 
individual life* usually with growth localised in relation to it. The body 
thus produced may develop variously as regards an imaginary axis of 
construction, which passes between the two poles. Three types of 
symmetry are usually distinguished where polarity exists: (i) the radki 
construction, where the development is equal in all directions round the 
imaginary axis : (2) the bhymmdric or bilaicral^ in wliich the construction 
is flattened equally on both sides: and {3) the df^rdveuiral^ where the 
construction is also flattened* but not equally on both sides, the result 
being two faces which differ obviously from one another in form, and 
usually also in inner structure. The-se types of symmetry may, as a rule, 
be related to the external conditions under which the parts are developed ; 
thus orthotropous, or vertical parts are almost always radial or bilateral ; 
while plagiotropous, that is oblique or horizontal parts* are commonly 
dorsiventral* or occasionally bilateral Dorsiventrality of the shoot* where 
it exists* has usually some evident relation to the external conditiotis of 
life, such as the incidence of unequal lighting* or oblique disposition to 
the action of gravity : and it may also be seen in lateral branches to be 
connected with the relation of the part in question to the chief shoot 
which bears it In some cases it may arise from inner causes*^ but 
investigation has shown that dorsiventrality of the shoot is usually to be 
referred to some external determining influence, 

’ A striking example of tbis is bToiighi forwaird l>y Willis, in the Podosttmaceaei, 
wheit doLsiventfality appears in cKtt and anemophiloMs flowers. He suggest j [flat thh 
condition has been forced upon them, without reference to any advantage, by ttic steadily 
increasing dortiventtality of ihg vegetative sy stent {Aurrslf ef Botany, 1^2, p, 593), 
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rhese types of iyiii nictr)' are not restnered to any of the great groups 
of jjlaiitsi examples of aiiy one of them may Le found in any of the 
greitt divisions of plant-life. But neverthelesSj in certain circles of affinity, 
one or other type of symmetry may be prevalent: thus in the Red and 
lirown Algae the bilateral symmetry Is common: among the sporogonia 
of Bryopliytes the radial construction prevails : the ganietophyte of Liver* 
v'orts is with very few exceptions dorsiventral. 

The further fact that a single shoot may be at first of one type, and 
subsetpienily change to another type of symmetry, demonstrates that they 
pass one into another. It can be shown both by comparison and by 
experiment that this occurs within certain limits. The most frequent 
transmutation is that from the radial to the dorsiventral, a change which 
is of special importance in its bearings on the morphology of the 
sporophyte. 

In discussing the subject of symmetry, it has hitherto been usual to 
draw illustrations indifferently, either from the gametophyte or from the 
sporophyte generation. Doubtless, in considering the phenomena of form 
in ilieir general aspects this is right : the wider the net is cast over the 
area of fact, the greater the probability of arriving at a sound conclusion 
as to the qualities and the causes of the several types of symmetry in the 
Planobody. But it is a different question to enquire into the effect 
^vhich modification of symmetry may have exercised in the evolution of 
the neutral generation, Analogy, with corresponding phenomena in the 
gametophyte, may assist indirectly : but in the elucidation of the actual 
historical record these can only have a theoretical interest. According 
to an antithetic theory the starting point of the two generations has been 
quite separate and distinct, and this must have its effect on the study 
of their symmetry. 

In the case of the. gametophyte various types of symmetry are found 
in the plants of the present day : and since there is no reason to believe 
that there was any common origin of ali gametophytes from any one body 
of definite form, there is wide room for speculation as to the source of 
their varying form, and little hope of finality of conclusion. But in the 
case of the sporophyte it is different : the ovum, produced within the venter 
of the archegonium, is normally the starting-point for the sporophyte 
generation in the .Archegoniatae : in these plants it is approximately 
spherical in form, and the conclusioii follows, on comparative grounds, 
that the initial fotni of the sporophyte was approximately the sphere — a 
body without polarity and of radial construction. The question to be 
discussed in this chapter is, then, whai modifications of forms this simple 
body undergoes in the course of its development into the complex sporo 
phyte, as seen in Archegoniate Plants j and under what circumstances 
those modifications may have been introduced. 

The development might, iii the first instance, consist of simple 
enlargement, together with cell-division, with or without a differentiation 
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of the products* Such a coiKlition is seen in the spherical sporo^oniitin 
of which has habitually been held to be primilive in its simple 

characters of Structure and form (dOmjxire Fig. i 8 ). Here li^ei'c is no 
polarity: no distinction of apex and base. This character it shares witii 
the earlier stages of some other embryos of .ArchegoniataCj which enlarge 
at first as a simple sphere. But a distinction of apex and base soon 
makes its appearance in all the more complex forms, with or without a 
localised apical growth. The two great series of ^Archegoniatae diffei 
widely in the symmetry of their further development, Tl’te Bryophyta, with 
very few exceptions, which will require special consideration, show polarity, 
but retain their radial symmetry* Not a few of the Bieridophyta also 
retain their radial symmetry, but under modifications which necessurtly 
follow as a consequence of their leafy liabit : others, however, del jart 
broadly from it, some at an early period of their individual life, others 
at later periods* 

The general view' which is implied in the preceding paragraph is that 
the radial type of symmetry is the prior condition for the sporophyte at 
large. This opinion is not based merely on the fact that the ovum from 
which all sporophyies spring is spherical* Much stronger grounds are to 
be found, first, in the high degree of constancy of the radial type of con- 
struction in the spoiogoiiia of Bryophycesi while it is also frequent in 
the Pteridophytes and Seed-Plants, especially in their strobiH aitd flowers. 
Secondly, in the fact that it is possible in many cases to refer the dorsi- 
ventral symmetry, where it exists, to the unequal incidence of external 
conditions, and to see by experimem how such conditions may bring 

about some dorsiventral modification of a structure w'hich is in the first 
instance radial. Examples of this may be quoted occasionally from the 
Bryophytes, and frequently from the Pteridophytes, and from the vegetative 
shoots and flow-ers of Phanerogams. There is thus not only a compara- 
tive, but also an experimental basis for the opinion that the radial 
symmetry is the primitive, and the dorsiventral the derivative condition in 
the sporophyte* 

Few facts relating to any large group of organisms are more 

impressive than the constancy of the radial symmetry throughout the 
sporogonia of Bryophytea. That body, originally spherical, becomes more 
or less spindle-shaped in its kter development, with or without a localised 

apical growth. Zones higher or lower on the spindle-shaped body may 

undergo more strong development than the rest, especially towards the 
distal end, which is to be the fertile capsule. This is commonly seen, 
both in Liverworts and in Mosses, but the Splachiiaceae stand out as 
extreme examples, and in Spla^hnum InUam :h.e apophysis immediately 
below the capsule is expanded into a wide disc (Fig* 102). Nevertheless, 
here also the development is uniform all round in any transverse zone! 
and accordingly the radial construction is accurately maintained. I’he 
constancy thus usual for the sporogonium in itself directs attention to 
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those relatively few cases atiiong Biyophyles where the radial symmetry is 
departed froTin. 

Among the Liver worts the only recorded example of departure from 
the radial symmetry is that of here the sporogonial head, 

which is borne upon a cylindrical seta, is curved over to one side, and 
it dehisces along the upper surface by a longitudinal slit, the whole 
capsule widening out later into a spoondike form. Examination of 
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Flu- jof. 
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developmental stages shows that 
the young sporogonial head is 
cylindrical m structure. The 
accepted version of this is that 
the capsule is develop mentally 
four-valved, but that dehiscence 
is by one slit only, and accord- 
ingly that the four valves remain 
coherent \ but transverse sections 
of the mature capsule show no 
evidence of a structural dorsi- 
ventrality ; the transverse section 
is radial up to maturity, and 
there is no apparent structural 
provision for dehiscence. The 
natural conclusion will be that 
Monocka shows only a slight^ 
and ontogenetically late and 
unimportant deviation from the 
usual radial type. There are no 
observations connecting this whh 
external causes. 

The sporogonia of most 
Mosses are also of the radial 


type throughout; but in a considerable number a more or less marked 
dorsiventrality is seen in the mature condition. The radial construction is 
as a rule accurately maintained in those sporogonia which grow vertically 
upwards, such as Sphagnuin Fhamm^ or OrthotpishHin^ and all sides appear 
equally developed in the longitudinal section (Fig. 103, 3). But in many 
an unequal development is found* which is in relation to the position 
which they assume. As maturity is approached they curve to one side, 
and the capsule becomes oblique, or may even hang over. In these 
cases the earlier stages of the sporogoiiium are radially constructed, but 
an inequality appears on the two sides^ with, it may be, a slightly 
greater development of the assimilating tissue on one side than on the 
other, as in Fimbria (Fig. 103. 5) : or this may be carried to such an 
extent that the sporogonium is markedly lopsided, as it is found to be 
in the Buxbaumieae (Fig. 103. S, 9, 10), 
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An eMamiriAtioii of the orl^^in of this dorsiventrality, thus seen m :iii 
<jrgan which is as a rule of radial coiisiniction^ has shown that it ajijjcars 
relatively late in the course of the individual development, and is thus 
secondary* The young embryo of Funaria is a radially const riictetl 
spindle, and the inequality only appears as the capsule approaches 
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maturity. In the Buxbaumieae the dorsiventrality is more marked : 
the sporogonlum of Diphy^du77i shows when young a characteristically 
radial celbnet \ but external examination of even young sporogonla shows 
that the dorsi ventral form of the capsule as a whole can be recognised 
comparatively early: a condition which accords with its very pronounced 
lopsidedness when mature. An enquiry into the circumstances which 
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bring It about hag led Goebe! to the conqUision that unequal illumination 
is a determining cause ; for he found that in Diphysdum the aattening 
of the unilateral sporogonia ahvayg takes place on the illuminated side 
(Fig. 104), The primary advantage which ig gained by the dorsi ventral 
development is the enlargement of the assimilating system. Haberlandl 
has shown how considerable the assiniilatory activity is in the capsule 
of ^losseSt and. has specially poiiited out in the case of Suxbauntla how 
much more extensive, as well as better stocked with chloroplagtg, the 
enlarged face of the capsule is* than is the side directed! downward-S. 

A secondary advantage is that the oblique position 
is effective in connection with the scattering of 
the spores. 

Such facts relating to the Bryophyta clearly 
indicate that the radial type of construction is 
the fundamental one for their sporogonia. Not 
only are the departures from that type relatively 
few, and far from being extreme examples as 
compared with dorsivenirality elsewhere, but also 
they may in some cases at least be put 111 
definite relation with external causes, and the 
alteied form be shown to have a favourable 
biological effect. When to this it Is added that 
the dorsiventrality appears comparatively late in 
the individual development, the case seems fully 
made out for the priority of the radial construC' 
nifiAj-ffifiuf /cy/iefuri. Lcnei- tion of the siJorogonium of Bryophytes. 

ludinfil Lic>rt of a jitem bc.irinp ^ ^ ^ ^ 

a spoTOBOhium. Tht indi- 1 he Infinitely greater variety of form among 

calti tfic prevalent of , * 

UgiH. opebd.;) the Vascular Plants in some measure confuses 

the question of a fundamenEal type of symmetry 
for them. Moreover, the issue is further obscured by the diversity of 
their embryogeny : so long as the initial characters of their embryos are 
held accurately to reflect their evolutionary story, this difficulty will 
remain, but in a previous chapter this doctrine has been held open 
to doubt. Iq the present discussion of the symmetry of the shoot in 
Vascular Plants their embryology ivill be put temporarily aside, and it 
will be considered towards the close of this chapter. Questions of 
symmetry in Vascular Plants are also complicated by the presence of a 
foliar development. This difficulty will weigh most with those who 
entertain some phytonic theory of the shoot ; but into their difficulties 
we need not enter, since reasons have been given for not sharing their 
view (Chapter XL). Assuming* in accordance with our earlier discussions, 
a strobiloid theory, the shoot will be habitually regarded as an entity, 
and its symmetry as a whole will be held to be determined by the 
equal or unequal development of the appendages, with or without a 
corresponding development of the axis which bears them, 
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In accordance with the geiieraS o|)imons already e\i>re!isc(i, it will 
be natural to take first into considerauou ihe fertile region or sU'obiliis : 
or in the higher plants the flower^ which is held to be its otHcoim 
in a more advanced state of development. These may, according to 
a theory of sterilisation, be held to retain the primitive chaiacler of 
fertility : it will be seen that they are conservative also in their 
symmetry. 

It has become almost a commonplace of the elementary text-books 
that the radial type of flower in the Angiospernis is the primitive and 
the dorsiventral (or ^ygomorphic) the derivative condition. The ques- 
tion of symmetry of the flower has been treated so lately and so well 
by GoebeU that it is unnecessary here to discuss it in detail. He 
distinguishes two cases : firsi^ that in which the flowers are laid down 
radially^ and become dorsiventral in the course of development — this 
includes most of the dorsiventral types, and various influences may be 
recognised as conducing to the result, such as the unequal incidence of 
gravity and of light. Secondly, he distinguishes that type in w'hich 
dorsi ventral! ty is brought about before the unfolding of the flower. In 
this case he is of opinion^ that we have in the position of the flower 
an element of special importance, and the behaviour of the florver in 
becoming dorsiventral only after unfolding must be taken as a starting- 
point in any enquiry into this matter. Lateral flowers are iti a dinferem 
position with regard to external forces from terminal flowers. According 
to the sensitiveness of the former to external factors the configuration 
of the flower will be changed more or less early. Such changes may 
become inheritedj and flowers so changed will be, of course, favoured 
over others, and many of their parts will be aborted as useless members 
after the introduction of dorsiventral structure. In this connection the 
fact is of Importance that in plants normally with zygomorphk flowers, 
when a terminal flow-er appears, it is frequently of radial type, or is^ as 
it is termed, peloric. Goebel remarks, ^ “ No doubt these wonderful forms 
of flower exhibit a more primitive type than the dorsiventral flowers, 
which are the normal ones in the plants in w^hich they occur.” Experi- 
ment has shown in certain cases that peloria is related to intensity of 
insolation, and thus it seems not impossible that the quality of the light- 
ing, as well as position, may have had its influence in leading to 
xygomorphy. But whatever the conclusion drawn from a complete 
analysis of the causes leading to zygoinorphy may be, that analysis, as 
far as it has gone, and comparison also, point clearly to the radial type 
of flower in Angiosperms as the primitive, and the dorsiventral as the 
derivative. Similarly, in the case of inflorescences, which are often dorsi- 
ventral in their developmeiu, it may be held as probable that the 
dorsiventral inflorescences have proceeded from radial ones.^ 

^ Orgaaegraphy, EngU edn., vol. i., p. 128. p. Ija. 

p. iS8. Goebei, /.f. , p. 13S. 
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Til the Gymnosperms the mdial type is constant as a whole for the 
cones, both male and female; but, as in JVeiwitscMa, there may be a 
more or less marked zygomorphy in the individual flowers. 

In the strobiloid Pteiidophytes also the strobili are for the most 
part of radial construction. In the Equisetineae this is the case with- 
out exception ; also in the Spbenophylleae, so far as they are known. 
The related Psllotaceae are also radial in their fertile region, with the 
exception of the pendent species /Y+ coffiplafiaium^ Svv,, which is isobi- 
lateral, probably as a secondary modification in accordance with its pendent 
habit I it bears its leaves and synangia only on the margins of the 
flattened branches. In the genus Ly£&p<>dh<m the strobili are always 
lacltaf, even iivhere the vegetative shoot is strongly dorsiventrab But 
in though the large majority of species show a radial strobilus, 

eveji where the vegetative shoot is dorsi ventral, still the subgenera 
Homostachys ” and Heterostachys ” have dorsiventral strobili. The 
conclusion that these are derivative seems in this case unavoidable. 

and the fossil J.y copod i nous genera have all radial strobili- Even 
Ophhghssum and Boiryduum may be held to be of the same type, 
their upright axis in the polyphyllous species bearing leave.s of equal 
siiee on all sides ; but in the monophyllous species only one of these 
is as a rule expanded at one time ; still, excluding the factor of time, 

I lie type of arrangement is radial of the shoot as a whole. Beiminth^stachys, 
however, is dorsiventral as regards the whole shoot; and this may well 
be held, on comparison with the other genera, to be a derivative 
condition- 

The case of the Ferns, including the Hydropteridea^e, is not so readily 
brought into line with the strobiloid forms, owing to the sori and 
sporangia being distributed widely over their large leaf surfaces and 
margins, while the sporopliylls frequently show no differentiation in form 
or position from the foliage leaves. Their condition will be more fully 
considered later; meanwhile it may be pointed out that, within definite 
circles of affinity, a radial conformation is seen In upright forms, similar 
to that in strobili of other Pteridophytes, while those with oblique or 
horizontal axis show dorsiventrality, such as is seen in the strobili of 
certain Sdagindlas and In Pldminihustadiys. Thus, though no definite 

strobilus is present, the relations of symmetry of the fertile shoot in 
Ferns are still comparable with those in other Pteridophytes. 

Thus a review of the strobili of Pteridophytes as a whole leads to 
the recognition of a very great prevalence of the radial symmetry in 

them. In several large groups, which are certainly primitive in character, 
being represented early In palaeophytological history, the radial type of 
strobilus is never departed from; in others only occasionally; and this 

radial character of the strobilus may even persist in cases where the 

vegetative system shows dorsiventrality, 

All examination of vegetative shoots of vascular plants at large shows 
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that they are more Kiglily ^susceptible nf inudirieLUioo of symmciry iliEin 
U the stioljtlus; and so they Ime naturally been the more frequent 
subject of enquiry and of experiment, the observations chiefly relaiinj^ 
to the post-embryonic shoot The dorsi ventral construction of tl^c 
vegetative sboot is very common in creeping and climbing plants in 

the most different circles of altinity. It also appcarii in the latcrEil 

shoots of plants of which the primary shoot is radial. I Jorsivcntialicv 
may make itself apparent either in unequal development of the leaves 
(anisophylly), or in dSfrereiiice of their position ; or it may also affect the 
form of the stem itself. It may be found in one plant that outer 

influences may directly bring about the dorsiventraltty, while in others 
it may exist from the beginningj and be hereditary^ GoebeP has 

pointed out how Vaednium MyrtiUus shows in its lateral shoots a 
transitional stale between these two eases ■ for in the laterEil buds of this 
plant there is an influence exercised, probably by light, which leads 
to a distichous arrangement of the leaves; but it does not take place 
in all buds alike : in sf>me the effect is only a secondary one, acting 
upon the leaves which originate in a spiral succession ■ in others the 
effect is primary, actiiig upon the vegetative point itself, on which 
accordingly the leaves arise. The existence of such giadations of effect^ 
between dorsiventrality which is the result of immediate impress of outer 
influences and that which is an hereditary condition, Is important as 
suggesting how the more fixed dorsiventrality may have come into 
existence. The comparison of such cases, and of the vegetative system 
at large in a number of allied plants, leads to the conviction that in the 
vegetative shoot as well as in the strobilus the radial was the primary 
type, and the do rsi ventral the derivative. I’he causes are probabl}- the 
same in both cases. It is, how-ever^ essential to note that the vegetative 
region is more liable to be influenced by them than the fertile; for it 
has been seen in many species of Sdaywdla and of Lywp&dium that 
the vegetative shoot is dorsiventral, while the strobilus is radially con- 
siructed. The same is the case with many of the Coniferae. isuch 
examples indicate that the strobilus is more conservative of form than 
the vegetative shoot. It is true the converse may be found in some 
of the higher Flowering Plants; for instance, in the Labiaiae the vegeta- 
tive shoot is commonly radial, while the flowers are dorsiventral. But 
this condition of the flower is probably one of the relative!)' late 
specialisation. 

Examining more particularly the vegetative region of the Pteridophytes, 
the radial type of shoot is found with high constancy in the Equisetales, 
both fossil and modern^ Also in the ancient Sphenophyllales and the 
modern Psilotaceae; the only exception in the latter being J^si/nfum 
with its bilateral symmetry already mentioned. Of the 
Lycopodiales the early fossil types were characteristically radial ii^ 

' Org<in&griiphy^ Eng. criL, vol. L, p. 94. 

O 
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construction, lliough possibly dorsi vent rail ly may have existed among the 
Smaller forms. Of modern I.ycopodSj the mature shoots of Lycopodium 
show in relation to their position the most gradual tratisitiorts from the 
radial to the dorsi ventral. The species of the sub-genus S^la^o, and 
Sub-Stiay;o maintaitt the radial constructiorij and are for the most part of 
upright habit. Phe rest of the genus is very variable : the shoot is some- 
times radial, as in L. inumiaium \ or distinctly distichous forms may occur, 
such as /. PhhgmtiHa and uummufarifoUum^ which are both j^endulous 
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epiphytes. The change from the radial type may be apparent first in a 
slight inequality of direction of the leaves, otherwise equal, as In the 
creeping shoots of Z. anfwtiuum or davatum \ or in the marked inequality 
of their size and structure, as in Z. complanaium or (ilpiuum* Goebel 
has shown ^ by experiment on Z. complattaium that the dorsiventraht}' 
is directly induced by light Finally, the climbing species, Z. miubik, 
is specially characterised by a distichous form of the shoot not unlike 
that usual in Selagindla. it has already been concluded on other 
grounds that the Sdsgo type of lycopodium is the most primitive- it 
is this same type which retains most constantly that radial construction 
which there is reason to believe is a primitive character. 


* Orgmufgrapky^ vol. i., p. 25 
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The genvis includes eight species whidi arc isophyllcns, and 

over three hundred which are anisophyllous in the vegetative regioiK An 
intermediate condition is found iti S. sangumkftfa^ which has accordingly 
been investigated by Goebeld He found the dorsiventral structure to 
arise under the influence of external factors, such as moisture and shade. 
In certain strong-growing species, such as the upright axes 

may be isophyllous, and the dorsivenlrallty only become pronounced in 



the plagiotropk upper branches. Others may be dorsiventral from the 
first. Thus the genus illustrates gradual steps of dorsiventral development, 
such as have been noted in Ly^podium and Vaccinhim^ though the details 
are diflerent. And the same conclusion may be drawn as in those cases, 
viz. that the radial is the primitive form, and the dorsiventral the derivative^ 
The Fern-shoot, notwithstanding the preponderance of its leaf-develop- 
ment, may be examined from the same point of view as other Pteridophytes. 
The ancient Marattiaceae illustrate a probable initiation of dorsivenirality 
of the shoot within their own phylum. The young sporophyte seedling 

' L.C., p. J05. 
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in all the genera of Marattjaceae investigated hitherto is upright, bursting 
through the prothalius, not recumbent as in other Ferns {Fig. 105). In 

and Maratfia this con- 
dition is maintained throughout life, 
and there is no reason to think other- 
wise than that these plants retain 
their prin^itive position. It is probably 
shared also by Ankofi^opterh ; ^ at 
all events there was no dorsiventrality 
hi the only specimen with an axis 
hitherto examined. In the genus 
Danaea the same holds for Dy 
$imp(tafi>Ua j but certain other species 
of Dana^a have an oblique rhizome > 
for instance, Danaea aiaia (Fig, 106). 
Comparison of a number of stocks of 
this Fern show^s various degrees of 
inclination and curvature of the axis. It is upright at first, and produces 
leaves and roots uniformly on both sides of the axis; but later the axis 
arches over to one side, and a distichous arrangement of the leaves is 
approached, while the roots originate chiefly from 
the side directed dowm wards. In Kauiftissm these 
characters are more pronounced ; for there the 
mature rhizome is horizontal, with marked dorsi- 
ventrality, and with intern odes of appreciable 
length (Fig, ^07). Unfortunately the early 
development of the sporophyte of Kaji^/ifssin is 
still unknown. It seems a reasonable interpre- 
tation of the facts that the upright position, with 
radial symmetry, as seen in AfigiopUris and 
Maratiia, was the primitive condition here as in 
other Vascular Plants : and that the oblique 
position, already seen in certain Ditna^as^ became 
more accentuated in the horizontal rhizome of 
Kaulfussiny^ with its marked dorsiventrality^ 

The analogy with what is seen in the Ophio- 
glossaceae greatly strengthens this conclusion. As 
in the Marattiaceae, so also in all the genera of 
the Ophioglossaceae the axis is from the first 
upright (Fig. loS); and that position is maintained 

throughout life in OpMoghsumt and Botrychium. But in Hdfmnt^mlachys^ 
notwithstanding its originally vertical position, the axis of the mature 
plant is markedly dorsiventral (Fig, 109), with distichous arrangement 
of the leaves. The conclusion which naturally follows is that in the 

1 Gwy nnt' Vaughan, Aitit. xis., p. 360. 
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Ophioglosssceae, as in tbe Marattkceae, the iE[«i^ht radial shoot 
pTimitive, and the dorsiventral diaracter of the shoot derivative : that in 
HebnMmtacim^ as in Danam and Kanifimitt, all of tliem heavily-leaved 
forms in proportion to their relatively elongated stem, the a\is has become 
horij'.ontal. 

The I^ptosporangiate Ferns present a more varied and difiicult problem as 
regards the symmetry of the shooL They include many upright radial forms, 
such as Cyathea^ Ahophila^ or Osmifmtu ; as ^vell as many whicli sliow- \arious 
degrees of obliquity of the axis, accompanied corresponding degrees 
of dorsivetitrality. It is not an uncommon thing to find upright radial 



species, and straggling, dorsiventral species in the same genus : for instance, 
OnocUa gtrm&nka is radial and upright, Onodta s^mibilh is creeping ; 
Pierk at^uiikia is creepii'tg, while in any other species are tufted and radial 
The same question will arise here as elsewhere, which of the two was 
the primary condition. From analogy with other cases as well as from 
internal evidence* the upright, tufted forms with radial symmetry would 
be held to be the prior type ; but the question is complicated by the fact 
that the embryo itself is not upright in the Leptosporangiate Ferns, and 
it may be thought that its recumbent position defines ab initio the dotsi- 
ventrality of the shoot. 

It is true that the first leaf of the young sporophyte is uniformly on 
the side away from the prothallus: but the position of the second and 
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succeeding leaves may vary, as ^vas already noted by Hofmeister. He 
staled specifically* that “the similarity in the development of the different 
species of Ferns does not extend beyond the formation of the rudiments 
of the first frond, and of the first root.^^ He then proceeded to show 
that whereas in aqfnhfut the second frond originates on the side 

of the axis opposite to the first, and distant from it by about half the 
circumference of the stem, in Nephrodtum {Aspidtum) Filix mas it Is 
at a distance of about a third of the circumference^: “the third diverges 
from the second, and the fourth again from the third at about 120 
degrees to the right, so that the fourth stands vertically over the first/' 
fhus the arrangement of the leaves is radial from the first in the Male 
Fern. The same radial character, with varying divergences, has been 

found in other Fern-seedlings ; for 
instance, in JV^phrodium 
AspUnuim marinum^ F ter is tremuia^ 
OsmiiJtda regalis^ and Todea super^a. 
The leaf-divergence in such cases is 
variable, but approximates to a half, 
or one-third, and it is spiral from the 
first, without dorsiventral tendency. 
I’his shows that in plants which are 
radial in the mature state the initial 
condition of the recumbent embryo 
does not impress dorsiventrality on the 
seedling. In others, however, where the 
mature plant is niarkedly dorsiventralj 
the d orsi vent rail ty asserts itself early. 
Among these the case of Fo/ypcfdium 
vutgare is very instructive, as showing 
that the dorsiventrality of the mature shoot is not a direct consequence 
of the initial procumbent position. The initial embryogeny is as usual : 
the second leaf of the embryo is obliquely on the same side of the 
axis as the first, and as the subsequent leaves are also inserted alternately 
and obliquely on that same side, and the growth of the axis is stronger 
on that same side which faces away from the prothallus, the vifliole 
shoot becornes inverted by a strong curvature upwards through the 
apical indentation of the prothallus ; and thereafter It pursues its horizontal 
course backwards over the top of the prothallus (Fig. no). It is interest- 
ing to note as a consequence of this that the side of the axis initially 
turned downwards In the embryo becomes the upper side of the dorsi- 
ventral rhizome, owing to the inverting curve: thus the creeping posi- 
tion of the permanent shoot is not merely a direct continuance of the 
initial prone position of the embryo. Other examples might be quoted, 
but this will suffice to show that the dorsiventrality of the mature shoot is 

'^Higher Crypi^gT&miHj Eng. eel,, p. 208. -Z.r., p. 2.27* 
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not a neces&ary or a direct com set] iic nee of the rocmnihml i^rtsiuon nf 
the embryo of Leptosporangiate FernSn It may aUo be added that 
ihe dOTsiventrahtyj in cases where it exists, may he initiated in dilferent 
ways. Such evidence points to its being a secondary condition. 

A further indication that the shoot of Ix^ptosporangiatc Perns is primarily 
radial is to be seen in the internal structure of the axis. It has been 
found in a considerable number of cases that the vascular tissue is 
uniformly developed all round. Ihis is naturally the case in upright 
radial axes t but, apart from the leaf-insertions^ it may even t>e so in 
stems which are horizontah such as though in others, such 



Tninsverhc ctfLixk (if setJUnj; of Lygi^imm /afiimisvrtf, lielaw* rlic leaf, 

1/ il)i: Kj-ltni.fwirci'uchvina telk. X 390, 

as ‘Pieris the vascular system is lihe the stem itself d ora i ventral. 

In young seedlings it has been shown in various cases that the stele 
is cylindrical and it is found to be so even in Ferns which are markedly 
dorsiventral in the mature state, such as Lyg^dium japonkum (Fig. iii). 
Such eJiamples indicate again a probability that the radial construction 
of the shoot was primitive in the sporophyte of Fernsn 

But it may be urged by those who dissent from this conclusion that 
dorsiventrality Is clearly seen in the early embryonic stages of some other 
Pteridophytes, and especially in the case of various species of Lywpodiufn. 
But here also it seems probable that the condition is adaptive rather 
than primitive : for in the tirst place the embryo in the gei^us i.x singularly 
inconstant in its form : in some specieSj such as Z. or L. davikam^ 
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the embryo settles down at tmce into an upright radial type of structure : 
In otbei Sj and particularly iii Z. vvliicli has been made the subject 

of special study and comparison, the embryo may show at first a marked 
dorsiventralit} ; but it is at the same time e.'^ceedingly variable in fornix 
and in some individual cases the embryo of Z. cerm^um may closely 
resemble the ordinary radial type of other species, I’his variability will 
mi itself discount arguments based upon details of fornij and suggests 
that the dorsivenirality where it occurs is the result of relatively direct 
adaptability of a very plastic organism,^ 

The facts and arguments brought forward in this chapter lead up to 
a general view of the symmetry of the sporophyie generation. It would 
appear probable that the original type of its construction has been radial 
throughout, a condition which commonly goes along with a vertically 
upright position. This is the position of the vast majority of IJryophyte 
sporogonia : in them the radial construction is rarely departed from* and 
where this does happen the dorsiventrality is readily referable to a 
modification of a radial type. The greater diversity of habit of the 
Pteridophyies, especially as regards the sporophytej necessarily brings 
greater difficulties in attaining to any general opinion for them ; but a 
careful review of their various types, arid especially a comparison of 
members of the same group of them inHr leads back constantly to 
the radial type as primitive, even in cases where dorsiventrality is most 
marked. 'Fhe fact that in the Equisetales and Sphenophyllales the radial 
construction is predominant, while it is also prevalent among the more 
primitive Lycopodiales, and in a less degree in the Filicales, shows the 
strong hold which the radial construction had among very early types. 
In fact the position is fully strong enough to justify the general state- 
ment that the radial mode of construction was primitive for the sporophyte 
at large ; and that where dorsiventrality occurs, it is a secondary 
condition. 

This conclusion is plainly out of harmony with the theoretical posi- 
tion of Lignier,^ who would refer the sporophyte as well as the gametophyte 
to a hypothetical thalloid origin ; this thallus, which was dichotomous, and 
lay flat upon the soiU tended to curve upwards, and consequently to 

^Tbe undine trxacl comparison of tbe onr bryology in ihe genus. ivilt In; 

lakeii up in the special part of this work, 

“ l^iiisetales el S phenophy Uftlcs, Lent orlgine filicincemrie commune,” lSit!L 5 *'. 
Linn, di N'&rtnandit^ p. g3. A somewhat similai speculation has recently been 

published by Tansley {Nieiv 1907, p. 25) ; he refers the Archegoniiiae in 

origin lo some hypothetical Archegoniate Alga.” He also passes lightly o^-er the 
Lransiiion froim a sympodial rhbome to an upright, radially organised type (p, 33)- ft 
necessary, howeverj to remember that, as a matter of observation, all Archegoniaie 
sporophytes are initially of radial construction. The same difficulties appear to confront 
both Tai^sley's and Lignier^s hypotheses. To meet them both authors postulate hypo- 
thetical forms which are “of course the purest speculation" p. appears 

preferable to adhere to observed facts. 
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assume a cylindrical symmetry- On this hypothe^iis the dorsi ventral wm 
the prior state for both the sporophyte and the gameiopliyie, and the 
radial the derivative. The author himself slates that this “ piohepuiic 
type, from which the two generations were evolved, is still wholly liypo 
thetical. As regards the sporophyle, since the embryology gives no 
countenance to an originally dorsiventral prohtpalic ’’ state, while 
instances are common of the impress of dorsiventraliiy upon parts of it 
originally radial, the theory of Lignier cannot be upheld. It may apply 
for the gametophyte, but that has nothing to do with our present di^ 
cushion. It seems the unavoidable conclusion from the facts that ihe 
primitive symmetry of the sporophyte w-as radial 
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THE ESTABLISHMENT OF A FREE-LIVING SPOROPHYTE. 

Sn far the shoot only of the sporophyte has been the subject of discussion : 
it remains to consider the question how the sporophyte, originally dependent 
upon the parent prothallus, became established as a free-living organism 
on the soiL There will be no two opinions which of the principal 
regions of the independent sporophyte^ the shoot or the rooh was of 
prior existence: it is a necessary outconie of the evolution of the neutral 
generation as sketched above that the shoot was first established, as a 
body dependent on the gametophyte ; it carried out primarily the function 
of spore- prod net ion, hut ultimately also, as we have seen, that of vegeta- 
tive nutrition. The root is essentially an accessory, which made its 
appearance after those earlier ^teps were pa&t ; it arose from its 
primitive state of dependence to an existence free from the parent 
gametophyte. 

Comparison of living plants indicates, however, a probability that the 
initiation of a root-system follow-ed closely upon the adoption of a free- 
living habit: for roots are present in free-living Pteridophytes with very 
few exceptions, and are, as a rule, formed early in the embryology, it 
seems doubtful, even in the few exceptional cases, whether the rootless 
condition is not due to reduction, rather than representative of a primi- 
tive rootless, but free -living sporopbyte. Among the Pteridophytes roots 
are absent in the Psilotaceae, also in certain Hymenophyllaceae, and m 
Sa/vi^tia t it seems probable that reduction will correctly account for it m 
such specialised forms as the Hymenophyllaceae ; and also in 
with Its peculiar boating habit : the question in the Psilotaceae is more 
problematical, and their rootless condition may perhaps have been really 
primitive, though in the absence of any knowledge of their embryos there 
is no clear indication that it was so : moreover, their habit is so peculiar 
as to make any conclusion difficult. Rootless Phanerogams also exist, 
but there is no reason to regard them as other than results of relatively 
recent reduction. Accordingly* it may be concluded that there is little 
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evidence from plants of llie present day of the esistenco of a primtlivo, 
permanemly free-liviiig, but rootless state of the sporopbyte. 

rhe root in the fully'developed state is broadly different from tlie 
axis : its endogenous origin* its root-cap* and the radial arrangement of its 
vascular system are its most distinctive features, in addition to the absence 
of appendicular organs* other than root^hairs, or lateral roots. Its full 
character depends upon the collective existence of those features; for some 
of them are inconstant, and all of them may occasionally be matched by 
axes:' thus the two parts are Tiot absolutely distinct in character. 
Someiimes, indeed* it may be found that roots grow on directly into normal 
leafy shoots, as in certain Ferns, Aroids* and Orchids, etc. : - the coiv 
verse, however, has not yet been shown to occur* 

The resolution of the problem what genetic relation* if any, subsisted 
between axis and root will naturally be looked for in such plants as show 
the least degree of dilTerentiation of those parts. As such the living 
Ly copods are pre-eminent, while their fossil relatives <also show features 
of importance for comparison, lake axes, the first roots may be exogenous* 
as in certain Lycopod embryos, and in PhyUogiossum \ in the Ly copods 
the roots show apical dichotomy as do their stems also, while the exarch 
xylem and general disposition of the vascular tissues of the Lycopod stem 
are points of similarity to root- structures which are not equalled in other 
Vascular Plants. Finally, the Sela^hieUas: presetit features of further 
interest in their so-called rhii!ophores*” parts which occur in many, but 
not in all species : they are exogenous in order* and capless : they branch 
dichotomously* and upon them the roots with root-cap arise endogenously. 
In structure they are usually like roots, but in some cases the rhizophore 
has a structure resembling that of an axis : for instance in A. 
the proioxylem is central, and the whole arrangement very like that of the 
stem in S. spinosa? Further* the rhLophores may be readily converted 
in some species into leafy shoots, by suitable cultivation. Thus the 
rhuophores do not show the full characters of roots or of axes, and the 
question has long been debated whether or not they are truly of root- 
nature. borne prefer to distinguish them by a special name, as '‘rhii:o- 
phores’L others describe them merely as the aerial region of the root. 

^ Ksogenou^ jfonti are seen in Phylhgi^sum^ and in Oie cinljryus tif .wine £|>eci<js of 
as well as in soni?; Phanerogams. Caplets ruots are kno^vn m and 

in aamt few oihera (Gael^el, Orifaw^-rijp/fy, vol, il,, cjumc from td., p, 267). On 

the other hand, a protective cap has be^n aljr^eivcd on the apejt £>f ihc axps in emljryo;* 
of ^ run f ana, and Ctphahtaxu^ by Slrasburger {Angiosp. umt Gymamp., riate.s, nIs, to 
Ttxt.) E endogenous shtM>t5 are not common, but they occur uccaiiionally, as in the Hewer- 
Ijcds of Pihstyhu as well as on the emergeticc of E^hoouLinU adventiticiusly frruii roots 
IGoelitl, /.r., pp. 226, clc.). A radial disposition of the vascular tt&sue* wiih cNarch 
xylem, h characterliiLic of the asea of Ly copods, and of soim: oihcrs of tho early tVTiefi 
of Pteridophytes, 

''Goebel, Or^mgraphy^ vol. ii*, p. 216, 

Harvey Gilrton, Amt. 0/ 1894^ PI. x** tig. jp. Also 1902, V\. kx., tig. 17, 
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bor x^'\y own [>aiL 1 nm satisfied lo regard them as belonging neither to 
the category of stem nor of root, but as a result of development to meet 
a certain need, and tliat the giowEli produced was not of either character 
in phyleiic origin,^ 

It is interesting to con^^xire with the allied fossils, which 

have as their undergroui^d system the enigmatical Stigmarian development 
(Fig. These underground parts of Lepidiidendrm and SigUlaria 

present morphological questions somewhat similar to those of SdagineUa t 
the main Stigmarian trunks are not roots, for their anatomical structure 
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is far removed from that of any known roots ; they are not typical rhixomes^ 
for the only appendages they are known to bear are the Stigmarian 
rootlets, which are rightly so recognised from their anatomical features. 
They may be best classed with the rhijtophores of SdaghtiUa, or more 
especially with the basal knot on the hypocotyl of S. spimd&%a (Fig. 113)1 
though the correspondence is far from being exact. These, the Stigmarian 
trunks, and the curious processes in Pkurmnoia (Fig. 114))^ >^^7 
held to be outgrowths which fall into no recognised category of parts, such 
as stem, leaf, or root ; and they all serve the same purpose, of acting as 
a basis of attachment for the roots themselves. The existence of such 
bodies points to the Lycopodiales as presenting characters of peculiar 

1 Cf. ^ 90 'Sj P- 209. ^ Solms, ZfH.^ 13 ^ 9 , p. 23 ?. 
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interest in discussion nf tb« origin ot a subterranean absor|)ilve 

But the presence of such ** rhiiiophores does not j^reaily assisi ilic 
solution of the problem of origin of llie roots then^sclves. There is, in 
fact, no sufficieni or decisive evidence how the root came into esistencc 
in Vascular Plants ; but on the facts as they stand two alternative opinions 
are possible. Either that it resulted from the transformation of a leafy 
shoot by loss of the appendages, followed by other special adaptations in 
relation to its life, and to its ab,sorptive function in the soil. Or iliai it 



of iv'iih riiut \y>tt::n ■^^^nn IiW^Hhh VimC :l[ Lklmj ^jf 
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arose as a new type of haustorbl outgrowth, not originally of shoot nature j 
but nevertheless that in its first and less differentiated condition it 
resembled the shoot from which it arose, iti its structure, and in the 
character of its branohingK 1'hat those features wluch were helpful in its 
absorptive and conducting functions w^ere permanently maintained, and 
they became distinctive characters of the diffeTeiiiiated root : other charac- 
ters, such as the root-cap and endogenous branching, may have been addetl 
in accordance with the underground habit* This latter view seems to me 
the more probable alternative. 

Applying it in the case of the Ly copod la les, the root at its Inception 
would* like the stem of these plants* be exogenous, with exarch xylcm 

* Cnuiparc Go4;l]trl, Oy^nno^vaphy, vol. li,. p. 23:0. 
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and dichotomous branching ; aiid stetH'tike characters are actually 

exempliiled in the roots of living Lycopods; but in most cases the 
exogenous origin and dichotomous branching gave way to endogenous 
origin and monopodial brandlings both of which are more suitable for 
parts which have to make their way llirough the soil. The exarch xylem 
was however, maintained; and, being biologically convenient in absorptive 
organs, it became a characteristic feature of the root for Vascular Plants 
at large, iSIany of the primitive types of Vascular Plants had exarch 
xylem in the stem ; and if in the same way their primitive roots resembled 

their stems structurally, they 
also would have exarch xylem. 
On this hypothesis the roots 
would appear to have retained 
a structural character which 
was represented in the early 
structure of stems. In this 
w'ay tlie origin of roots may 
be presented to the mind 
w^ithout their being held to 
have been actually the result 
of transformation of a leafy 
shoot itself, of which there is 
no evidence from abortive 
appendages. But as a matter 
of fact, there is no certain 
knowledge how the root 
originated. 

In most embryo sporo- 
phytes of the present day a 
root'd evelopment is initiated 
before the need for it arises, 
that is while the embryo is 
still entirely dependent upon 
the parent gametophyte^ But it cannot be assumed that this was always 
the case : indeed, it is thought by some that there is an inherent 
probability that some intermediate condition may have preceded the 
initial formation of the root in descent. Among the embryos of some 
of the early types of Vascular Plants a condition has been found which 
has been held to be primitive, and to illustrate how the transition to 
a free-living condition of the sporophyte may have been effected: it is 
seen in certain species of Ly^opodium^ Z. cirnuu^^y and Z. tnmtduMh 
in which the prothallus is green and subaerial, thereby suggestijig a rela- 
tively primitive condition as compared with other types of the genus. In 
these the upper half of the embryo, owing to the rapid extension of the 
massive foot, is soon extruded laterally from the prothallus {Fig, i^s)^ 
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The body of the embryo thus exposed beais the cotyledon, nnd a viiriai^le 
number of leaves directed upwards, but it terminates downwards in a tuber- 
like body provided with rhistoids (compare Fig. 2J, p. 37). At first there 
is no root, and in extreme exanrples the appearance of the first root may 
be deferred for a considerable time; but so soon as the normal aerial 
shoot with leaves is defined, the first root soon penetrates the soil, and 
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establishes the plant in the usual way, The tuber which thus precedes 
the establishment of the plant by means of a root was called by 
Treub the " protocorm,'" and he regarded it as a rudimentary structure, 
which was the phyledc forerunner of the leafy shoot as now seen 
generally in Pteridophytes. It is represented, however^ only in few cases, 
and is not constant even in the genus Lywpodhm \ for instance, it 
is absent in X, and also in Z. PMe^naria and Z. davtst/um. 

In Phyihghstuffii on the other hand, this type of development is not 
only found in the primary embryology, but is repeated constantly in 
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e:icb season f5 gro^vth, while the tuber itself h here greatly enlarged for 
purposes of storage. The characteristic ^‘protocorm” is absent from all 
other Ftcridopliytes. 

1 he question is, what is the true interpretation of these facts. Does 
the prcjtocornn really represent some condition which existed in the 
phylogenyt intermediate between the fully-rooted sporophyle and that 
more primitive state where it was fully dependent on the prothallus? 
1 he iirst point ^^'hich strikes attention is the \\^ay on which the transition 
from dependence to ii^dependence of the sporophyte is actually carried 
out in tl\e plants which show this protocorm development: assuming 
that there is some difficulty, nutritive or other, in formation of the root 
itself, the case is quite adequately met by the tuberous development with 
rhiitoids, as a temporary shift. It seems not improbable that some such 
difficulty should precede in descent the initiation of so important, and so 
characteristic a body as the root. A second point, however, is that a 
protocorm development is exceedingly limited in its distribution among 
living plants; it is not constant even in the genus Ly<^pi>duim^ and 
outside the Lycopodiales it is not characteristically developed in any 
other of the early forms : this must be taken fully into consideration 
before assigning to the “ protocorm any general phyletic significance^ 
But, on the other hand, it may be urged that the real importance of 
the “protocorm"’ would exist only in those cases where either the 
root-development has not yet been initiated in the race, or where its 
late development in the i individual is a matter of moment, on nutritive 
or other grounds. Immediately any initial difficulty of development of 
a root-system is surmounted in any line of descent, the "protocorm ' 
would be liable to be cut out of the ontogeny, as a cumbrous and 
unnecessary stage. This would sufficiently account for the absence of a 
" protocorm ” in the great majority of Vascular Plants, But, again, 
Goebel, in arguing against the general phyletic significance of a 

" protocorm," has cited a number of cases of Phanerogamic Plants in 
which, if the formation of the root is suppressed temporarily or entirely 
in the seedling, a protocorm -like body is formed, which is anchored to 
the substratum by hairs,^ He remarks that this appearance of a 

protocorm in very different circles of affinity seems to him unfavourable 
to the hypothesis of its having a phyletic significance, and he only sees 
in it an organ wffiich corresponds in its development, and especially in 
its formation of roots, to an arrested hypocotylous segment; he suggests 
that a suppression of the formation of the roots may have taken place 
in as also in the Orchideae, and that this was connected 

with the prolonged development of the germ-plant in them : perhaps 

also the symbiosis with fungi which takes place in these plants, may 

have had its effect. On this view the “ protocorm ” would be secondary i 
and it would not illustrate an archaic mode of establishment of the 

' Or^nogt^aphyt vol. ii., Engl+ cd., p. 2j2 
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sporophyte on the soil. Such a suggestion certainly accords readily witli 
the sporadic occurrence of Ihe protooortn*" 

It is difficult to arrive at a conclusive balance between such conflicting 
facts and arguments as these. So far as anj' conclusion commends itself 
to my mind it is as follows : A “ protocorrn development n^ay have 
been an important phase in the establishment of certain Lycopod embryos, 
in that it serves as a temporary substitute for a root-system delayed in 
its development* But it seems unnecessary to take such cases as proto 
types for even the genus Ljco^duwi as a whole : since the Lycopod 
embryo, while showing essential unity in its general plan, seems prone 
to parenchymatous swelling. Two such swellings, somewhat similar in 
structure but differing in place of origin and in function* are knowiij vh., 
the enlarged " foot " of Z, and Qfuwtimim^ which originates 

from the lower tier of cells of the embryo, and is intra-prothallial ; and 
the " protocorrn ” of the ^^'w?i/M-type, which originates from the upper 
tier of the embryo, and is extra- prothallial, ITey are both biologically 
mtelligible, for the former acts as an haustorium, the latter may be a 
ready mode of fixation in the soil, and also a specialised place of storage. 
A genus which shows tw'O types of parenchymatous swellings in two 
distinct types of embryo, while both are absent from other species of 
the genus, cannot be expected to have ever had one of these as a 
constant feature in its ancestry. This consideration makes me doubt 
any general application of the theory of the protocorrn ” even in the 
genus Lycopodium. These parenchymatous swellings may be looked upon 
as opportunist growths, rather than as persistent relics constant from a 
remote ancestry. This view is greatly strengthened by the occurrence of 
protocorrn -like developments in isolated cases among the Angiosperms. 
J^hyllogiossum with its large storage “ proto cor in ” would then be the 
extreme type of a line of embryological specialisation, not a form pre- 
serving the primitive embryological characters of the whole race. On 
such grounds, while not denying that a protocorrn may have had a 
certain importance in certain cases, the facts do not appear to justify 
attaching to it any general significance. 

From the above pages it will be plain that the origin of the free- 
living habit of the sporophyte, and of its root-system is quite as obscure 
as that of the leafy shoot itself. The important step from dependent to 
free life was certainly taken at a period before the earliest fossil records of 
Vascular Plants; for all the best-known types of early fossil Pteridophytes 
have roots assigned to them on secure grounds of observation : so 
naturally the evidence from them does not lead to a solution of the 
difficulty. On the basis of comparison, to which this question must 
necessarily be relegated, no decisive help is forthcoming; the theory of 
the protocorrn, which at first sight seemed so full of promise, does not 
give more than a suggestion bow the transition from dependence to 
independence may actually be carried out in certain cases, and among 

p 
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the Pteridophytes it is illusirated only within a- strictly localised area of 
affinity. The course of transition from the dependent embryo to the 
rooted plant, as it Is carried out in the individual life, may be held to 
be the most reasonable guide to the same transition in the past. It is 
seen to be occasionally through the intermediary of a protocorm^ but 
oftener without. It may be that this Indicates correctly the actual course 
which events took j and suggests that all vascular sporophytes did not 
achieve their Independence rn the same vvay. 

It is of course possible to take an entirely different view of the 
relations of the two generations from that here presented, and to consider 
the dependence of the sporophyte as being itself secondary, and the 
haploid and diploid phases as having been originally as Independent as 
they are seen to be in Dkiyota. In that case the problem would be 
the converse viz., to trace the origin of the dependent state of the 
sporophyte. There is, however, no serious basis of fact or comparison 
hitherto adduced, which can place this suggestion upon a fooling of 
reasonable probability : It will suffice here to have mentioned that the 
suggestion has been made. 



CHAPTER 


XVIIl. 

THE EVIDENCE P'ROM IVVLAEOPHYTOLOGY. 

It has been remarked above (Chapter L) that the only direct and positive 
due to the sequence of appearance of Plaitt-horms in pa^t time upon the 
earth i^ to be obtained from the study of fossils. I.uminous facts derived 
from them are beginning to shed a fresh and direct light upon problems 
hitherto obscure ; and the last quarter of a century especially has shown 
how greatly a knowledge of the fossil forms may advance the true per- 
ception of affinities of certain groups of plants now living, 

Tiut the success which has already attended Palaeontological investi- 
gation, and has led to such important results, must not be allowed to 
disguise the limits which circumscribe this branch of enquiry : nor should 
it unduly raise the hope that the area of fact available for comparison 
with forms now living will be indefinitely extended. It can hardly be 

anticipated that data derived from fossils will ever take a decisive place 
in discussions of the primary origin of the sporopbyte. In the mind 

of the Morphologist there can be no spirit of depreciation of the recent 

advances of Palaeophytology, but rather a very high estimate of their 
value : nevertheless he cannot help recognising bow inadequate the 
evidence drawn from fossils is in its bearing on such questions as those 
discussed in the foregoing chapters. Hitherto it has given no clue 
whatever to the origin of the Bryopbyte sporogonium ; nor does it 
materially assist in resolving the problem of the origin of the leafy 

sporophyie, or of its adoption of a free living habit: nor, again, does it 
indicate with any decisiveness the evolutionary relationships of the great 
phyla of the early Pteridophytes. AU these questions deal with events 
which we may presume to have preceded the existence of the earliest 
fossils of which airy exact record has hitherto been discovered.^ 

^ i am unable to share the very sanguine view of Mr, Arbor {Atnmis &/ /infany, 1906, 
|). 2 1 6), who remarks that “ ihe iinperfecuon of ihe Kecoirl, largely exaggerated in the 
PMi, can \k wholly noglecied where we are considering ihe larger divisions of ihc vege^ 
table kingdom, slicIi as phyla, classes, or groups of Plants.” 
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There are three palpable deficiencies in the Palaeontological evidence: 
one, as has been saicl^ is its incompleteness as regards the prime origins 
of the leading types \vhich are louver in the scale of vegetation; another 
is the usual, and almost necessary absence of developmental detail; the 
third arises from tlie frequency with ithich fossils are known by impressions 
only, without the material sufficing for study of the internal structure. 
This is especially so for some of the earliest, and from an evolutionary 
point of view the most important forms^ The first is by far the most 
serious shortcoming. 

The earliest fossil-bearing strata contain plant-remains which are more 
in the nature of independent problems than an assistance, on any basis 
of comparison j to the understanding of the known types of the vegetable 
kingdom. Such plants as and Piubytima suggest the 

existence of Algae in the Silurian age, but are not readily ranked with 
more modern forms. Similarly, the plant-remains from the Lower Old 
Red Sandstone are highly problematical though they indicate a probability 
of terrestrial life. I’his ,seems more clear in the Middle Devonian, where 
among other remains of plants apparently of the land, Falae&piiys Milkri 
has been found : this is a stem with structure, showing irachcides arranged 
evidently as having been produced from a cambium, while pits are seen 
in the longitudinal sections : the whole structure is reminiscent of some 
Cordaitean structure. But it is only in the upper Devonian that the 
remains of a Land-Flora are such as to be referable wdth any degree of 
confidence to known types : thus Boihnxieinfriitt KUi^rchem^ seems plainly 
to be a large Ly copod ; Archa^&pteris h}ber>ika has usually been referred 
to the Filicales, though it has recently been suggested that it may not 
improbably be in reality the male fructification of a Pteridosperm ; 
P^fudohoynia ursitm lately described from Bear Island by Nathorst, is a 
Calamarian type with relatively large fimbriated leaves; characteristic 
Cordaitean remains are also to be found. These may all be referred to 
well-know'n groups of Land-growing Plants^ and though they may differ 
in certain important respects from related forms of later date, they show- 
in complexity of character, and often also in size, features which are 
definitely those of the highly organised phyla to w'hich they are referred, 
Thus the early representatives give little dear information beyond the fact 
of the early existence of those phyla to which they belong : they do not 
provide an explanation of their origin, and help only slightly to form 
opinions as to their mutual relations. Few facts are more striking than 
this apparently sudden presentment of certain vegetable types, already 
showing in a high degree the characteristics of their class. An extreme 
case of this is pointed out by ZoiUer.» He remarks that evidence of the 
existence of the Gymnosperms, “ dates from the base of the strata of Gaspe 
in Canada; that is to say, from the most ancient epoch which has left to 
us the remains of terrestrial plants: they are there represented by the 

^ EUnmits de |>. 369 ^ 



ITS LIM[TAT[ONS 


229 

Cordaiteae, a type already very perfect and specialised We cannot then 
draw from the data of Palaeobotany which we possess any indication of 
the origin of these first Gym oosperms.” This illustrates how hopeless it 
must be, so long as earlier strata yield only indefinite remains or none at 
all, to base upon stratigraphical evidence any consecutive story of the 
rise of a LandTIora ■ for on a comparative basis these Gymnosperms which 
thus appear so early stand high in the scale of Vascular Plants. Other 
examples might be quoted, but this will suffice to illustrate the deficiency 
of the record as regards prime origins. It has already been noted that 
developmental detail is usually absent from fossils, and that many are 
known only as impressions, without the possibility of minute structural 
examination of their tissues under the microscope. These considerations 
only show still further how scanty is the positive information from study 
of the fossils which is available for elucidating the early origin of the 
sporophyte. 

■ There is also a converse line of information, which involves negative 
evidence, based on the absence of certain types from strata where others 
are present. It may be held that organisms ivhich first appear in the 
earlier strata are more primitive branches of the evolutionary tree than 
those which appear only in the more recent strata. But the fact that the 
record is, as we have seen, so very incomplete as regards the prime origins 
of the leading phyla will at once strike the note of caution in use of 
such negative arguments* Moreover, the probat>iUty of preservation of the 
representatives of any group may depend greatly on the character of the 
organisms in question : thus it need be no surprise that the small and 
delicate IJryophytes are conspicuous by their absence from the earlier 
records, while Algae are but rarely preserved. Again, the non 'representation 
of any group may depend in some measure on the position in which the 
plants grew : thus the flora of uplands will be less likely to be preserved 
than that of low-lying lands or swamps ; this argument has sometimes 
been applied in explanation of the absence of Angiosperms dll a relati vely 
late period. It is often possible to make out a plausible case from such 
negative evidence : liut its insecurity is obvious. To use it with effect 
it must be supported by other considerations, such as argument from 
comparison. Thus the absence of evidence that Poly pod iaceous Ferns 
existed in Palaeozoic times, must be taken with the positiori which is 
assigned to them on grounds of comparison among other Filtcales ; it 
then becomes a very convincing argument as showing their later derivative 
character, and the more so that Fern'types are among the best-preserved 
of early fossils. On the other hand, the entire absence of well-authenticated 
Ophioglossaceous remains from all the earlier formations only intensifies the 
difficulty of the problem which surrounds these curious plants, and cannot in 
itself be accepted as demonstrating that they are of relatively recent origin. 

These remarks are intended to indicate the limitations to which the use 
of palaeophytological evidence must necessarily be subject. It is when these 
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are cleaily appteli ended that the true value of that evidence will begin to 
emerge. Though, as we see, it cannot yet be held to throw any direct 
light on the prime origin of terrestrial plants, still it has valuable bearings 
on the mutual relations of the earlier known types. It is especially valid 
in supplying a knowledge of synthetic types," that is, plants now e?itinct, 
which include among their characteristics some of the peculiarities of two 
or more distinct lines of descent- The most important of these hitherto 
disclosed are the Sphenophylls, which constitute a series separate from the 
three great phjla of living Pteridophytes, though some affinity is to be 
recognised between them and the modern Psilotaceae. Their leaves agree 
with those of the Etjuisetales in being whorled, and being superposed 
they are most nearly like the oldest known Calamite — 
rheir whorled arrangemeivt also corresponds with that of one of the 
earliest Lycopods, LrcopodiUs St&ckii\ from the ealciferous sandstone. 
The anatomy of the stem of Splmwphylhmi is Lycopodia! rather than 
Equisetal, but the stroblli are I'learer to those of the Equisetales than to those 
of aiifcy other know’ii family. The mterest in the group which showed such 
mixed characters ivas further intensified by the discovery of Chtir^strsbin} 
“ This strobilus presents the same combination of Lyeopodial wdth Equi- 
setal characters which we find in Sphemphylium itself, but in both directions 
the agreement is more striking. . . . We may express Its probable natural 
position by placing it In the main division Sphe no phy Hales, but in a 
family by itself, distinct from the Sphenophylleae in the narrower sense, 
rhe threefold affinities of CheiroUr^hus^ firstly with the Sphenophylleae, 
secondly wdth the Equisetales, and thirdly with the Lycopodiales, appear 
indisputable, and indicate that this genus, and the Spheiiophyllales gene- 
rally, represent a phylum intermediate between the other two, which we 
must suppose to have originated wuth them, from a common ancestral 
group. In this way, the study of the extinct Sphenophyllales has thrown 
quite a new light on the obscure affinities of the Equisetal stock, for it 
indicates clearly that this phylum had a common origin with that of the 
Lycopodiales, a conclusion which the exclusive investigation of their recent 
representatives could never have suggested.” Another important synthetic 
group of plants, of early occurrence, is that of the Cycadofilices, which 
link together the Pteridophytes and the Gymnosperms. Such examples 
Illustrate what may be held to be the most important results obtained 
hitherto from Palaeophytology, as aiding the study of descent in Plaiits. 

Another line of argument from Palaeontological data is now' beginning 
to be used, though only sparingly, since it is rare as yet to find that the 
facts suffice for its application. It consists In the comparison of plants of 
near affinity from different strata, and deducing from their stratigraphical 
sequence a progression as regards some single character. This method 
has been carried out successfully by Mr. Kidston, in respect of the structure 
of the stele of Lycopods : he has concluded that ‘*it is probable that the 

* See Scolt, Studies in F^sU B^tany^ pp. 494'497t 
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continuous ring of primary xylem is the older rype of Sigillarian stem 
structure* and that the cii-cle of isolated strands which form the primary 
xykm of the Clathrarian Sigillariae of the higher geological horizons has 
originated by a splitting up of the continuous-ring type of bundle; and 
as already mentioned, even in the few Clatlrrarian Sigillariae froiti the 
higher horkon of which the structure is known, the actual transition from 
the one type to the other can be observed/’ 

“The Lepidodmdrit form, however, an older genus than Si^Uaria, and 
extend to the base of the Carboniferous Formation. In beds not far aboie 
the base, and low down in the Calciferous Sandstone Series, specimens of 
Ltpid^dendron showing structure have been found ; and of two of these 
occurring in the same bed, one species shows the continuous ring of 
primary wood, while the other possesses a solid cylinder of primary wood 
without any trace of pith ; and although there occur here the tw-o types 
of primary wood, side by side, still the solid cylinder type seems to be 
more common in the low'er than in the upper horizons of Carboniferous 
Rocks, and the sequence of changes in the developn^ent of the primary 
xylem of the palaeozoic Arborescent Lycopods seems to point to the solid 
vascular cylinder as the oldest type, from which has been derived tlie 
medullate cylinder with a continuous ring of primary wood, and this con- 
tinuous ring of primary wood has, in turn, broken up to form the isolated 
strands of primary wood found in the Clathrarian Sigillariae.” ^ This is 
a good example of an evolutionary story, show^n among plants of near 
affinity in respect of a single character, and based upon strattgraphical as 
well as structural comparison. Similar conclusions are emerging at various 
other points. 

Another result of impoitance derived from Palaeontological study is 
leas direct in its bearings on the story of descent ; it is that by comparison 
of fossils with modern plants certain stereotyped views, based primarily 
on the study of modern plants, are liable to be revised, and relaxed. 
This may be illustrated by reference to secondary thickening in stems. 
It was formerly held that stems which showed well-developed secondary 
wood were necessarily referable to Seed-bearing Plants. Difficulties follow^ed 
from the acceptance of this doctrine, and they culminated in the case of 
the Calamarieae. Here the better knowledge of their anatomy, and of 
their fructifications showed clearly that a true Fteridophyie might attain 
large dimensions, and show a secondary thickening of its stem. Similar 
results are now familiar for other phyla of the Pteridophytes, and these 
facts, together with a better knowledge of recent plants, has shown that 
secondary thickening is a feature restricted to no single group of plants. 
Similarly, fossils have led to a relaxing of ideas respecting heterospory, * 
and the seed-habit, and have helped quite as much as any study of recent 
forms, to the acceptance of a doctrine of parallel origin of marked char- 
acters independently in more than one line of descent. 

^ Tram. Rcy. Edin,, 1905* voL xvi*, p. 54S. 
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But however valuable such results may be in leading towards a better 
knowledgCf and more rational views^ still they deal with relatively minor 
matters^ and do not directly touch questions of prime origin* As to the 
early stages of evolution^ of Bryophyles as well as Pteridophytes, the study 
of Fossils is still silent, and it seems not improbable that it will remain 
so. In order to frame some view of the prime origin of Land Plants 
recourse must accordingly be taken to the only other method available 
for resolution of these problems, vii., the comparison of living forms. 
Experimei’it, another possible line of enquirjf, but still in its infancy, is 
left out of account at present, for reasons explained above (p. 7). Those 
who deal habitually with the stronger weapon of direct historical fact 
involved in the study of the fossils are apt to feel some distrust of the 
more delicate weapon of comparison : it is liable to be weak and indecisive, 
and its results are much more in the nature of expressions of opinion 
than of actual demonstration. Still, so long as comparison is the only 
means available, it is necessary to use it, notwithstanding its weakness 
and uncertainty : while its conclusions will be checked, wherever possible, 
by reference to the more direct results of Palaeophytology. Such con* 
elusions may ultimately come also under revision, on the grounds of 
their probabilit)' in the past, at the bands of the experimental morphologist. 
But as his experiments can never apply directly to any organisms except 
those now existing on the earth, the conclusions which . he arrives at 
can never have the direct cogency which is inherent in PalaeO'phytological 
fact. 

For reasons thus explained, it is upon comparative study that we must 
chiefly depend at present, when we attempt to trace the origin of the 
sporophyte generation, whether as exhibited in forms now living, or in 
those which the palaeophytologists are disclosing with such amauing 
rapidity, 
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AMPLIFICATION AND REDUCTION. 

Wn£kKVEi!. the attempt has been made by studying plants as they are 
seen living or fossil, to link them together into some coherent evolutionary 
storyj theories of phyletic amplification and reduction have been freely 
employed. Sometimes greater prominence has been given to the one* 
sometimes to the other. 

The term amplification is used to embrace all changes leading to 
increased formal or structural complexity of the plant. It is necessary 
to distinguish between those changes of amplification which are indivi- 
dual and those which are phyletic. The former are the resuit of development 
traceable in some degree to the direct effect of external circumstances upon 
the individual organism : phyletic changes of amplification are those trace- 
able as inherited from generation to generation in an advancing stock* 
But in actual practice it is difiicult to discriminate between them, for the 
two are not different in kind : in point of fact it is only on a basis of 
comparison that phyletic amplification can be recognised : it may indeed 
be held to be a perpetuation of such individual amplifications as are 
transmitted in descent. 

In the simplest cases amplification may be a consequence of mere 
non localised distension of the plant-body; but in all more complex 
organisms growth is localised and continued at certain initial points, 
which thus take the character of apical cones, and define the polarity 
of the resulting structure. Or, furthermore, a secondary activity may 
appear in some intermediate zone, and new tissue be there intercalated ; 
the common and obvious type of this is where increase in length or 
in width of the whole organ is the result, and that is what is usually 
understood as intercalary growth. But it would also include those develop- 
ments of vascular tissue designated as secondary thickening* Closely 
associated with apical growth, but less commonly with intercalary growth, 
IS the initiation of new apical points, which lead to the various modes 
of branching of parts* This has also played an important role in the 
origin of complex plants as we see them* 
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Keduciion is the term used to connote the converse of amplification^ 
and it also may be either individual or phyletic, where the develop- 
ment of the mature organism, either in whole or in part, in external 
form or in internal structure^ falls short of that of the ancestry, the 
condition would be described as reduced ^ sucli a state may be held 
to result from a check in the development before maturity, as shown 
in the ancestry, had been attained. If such a condition become a 
character of an evolutionary sequence, then it would rank as a phyletic 
reduction. 

Progressive amplification and progressive reduction are phenomena 
which may be illustrated in any phyletic sequence, and the question 
whether or nou and how far either has been operative in the history 
of descent in any speciHc case is virtually the equivalent of enquiry 
into its evolutionary history. The character of the progression may have 
varied at different times : in any stock a period of evolutionary advance 
may have been succeeded by a period of retrogression — or the converse. 
Further, it is to be I’lOted that amplification or reduction may affect the 
organism as a whole, or only special parts of It. Moreover, different 
parts of tlic same organisin may show evidence of having behaved in 
exactly converse ways in the course of descent. Examples of this are 
seen in every case of correlation* the amplification of one part habitually 
entailing the reduction of another. 

To produce any organism as it is seen to-day, the two factors of 
amplification and reduction have been constantly possible throughout 
descent. The orgaivism itself may be held to represent the sum of all 
such progressions and retrogressions* phyletic and individual. It is obvious 
that while reduction may have been active in the later phases, the balance 
taken over the w'hole evolutionary history must have been on the side 
of amplificatioiij otherwise the organism w'ould be non-existent. This 
may seem a mere platitude ; but it is essential to state it* in view of the 
overestimate of the factor of reduction* as shown in most morphological 
discussions. This has resulted from the greater readiness with w-hich 
evidence of reduction conies to hand, together with the method of our 
comparisons, which habitually start from pronounced "types." 

rhe common criterion is that of mere size, but this carries with !t 
differences of complexity, either of external form* or of internal structure, 
or usually of both. As a rule it is impossible to tell frotn a single 
specimen, or even from a number of representatives of a constant species 
whether the organism has been reduced or amplified in the course of 
its antecedent phyletic history ; it does not bear any certain index of 
these points in Its individual characters* unless in cases where reduction 
has led to change of the original function of a part. It is primarily upon 
the comparison of organisms related to any given species that an opinion 
may be based how far amplification or reduction respectively have been 
operative in its evolution. 
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In cases where there is good tcason to believe that pbyleiic origin 
is correctly recognised, and where llie type is represented by luniierons 
well-known species, a very strong presumption may be accepted, amoutning 
almost to a demonsiralion, of what has taken place in the more recent 
steps of descent. Ihis Is more easily illustrated in respect of a given 
part, than of the whole organism. For instance, in the phyllodineous 
Acacias the progressive amplification of the phyllode and the progressive 
reduction qf the lamina are practically demonstrated by comparison of 
the various species included in the single genus : the conclusion is 
further supported by the facts of development of the iridividual seedling t 
for the young plants frequently show in their ontogeny the steps which 
comparison among distinct species had already suggested. It is unnecessary 
to multiply example-s of such phenomejia, for they are familiar to every 
student. 

It is, however, the familiarity with such ideas, in cases where sufficient 
evidence is available (a condition frequently seen among the Higher 
Plants), which has led to their misuse in cases where the evidence is 
less complete. Where ordinal or generic types are isolated, and the 
genera represented, it may be, by few' species, or even by a single one, 
as is so often the case in the Pteridophytes, the weapon of comparison 
is apt to lose its temper and its edge* Still, it has been used, but 
in these isolated cases the comparative argument is less cogent, its 
application being more violent and less exact The cogency of all 
morphological comparisons varies inversely with the distinctness of the 
organisms compared i this is especially to be borne in mind in dealing 
with questions of progressive amplification or reduction among the 
Archegoniatae. 

Looking back upon the theories of amplification or of reduction which 
have been suggested in the past, it becomes evident that they have often 
been applied at random. That one or the other has been advanced 
according to the taste, or, one might almost say, according to the tempera- 
ment of the writer i frequently they have been invoked under the pressure 
of doubt, or in support of an insecure hypothesis. More especially was 
this so in the days when mono|ihyletSc views ruled more than they at 
present do. A full recognition of the probability of polyphyletic origins 
Iras obviated the necessity which w^as once felt to refer all related 
organisms to one scheme ; there is no present obligation to explaia^ their 
form as derivative from one type, either by am pi ifi cation, or by the more 
common deus ex muchina — reduction. 

Goebel has drawn attention to the prevalence in phyletic speculation 
of theories of arrest of development over theories involving amplification. 
He remarks that most of our phylogenetic series are reduction-series,^ 
and traces this to the fact that a definite type is habitually recognised as 
a starting point for comparison. Naturally such a type must already be 

* Orgftntfgraphy^ Part I,* |>, 60. 
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a thing With pronounced characters, otherwise it would not be held as 
typical ^ there wHU then be an inherent probability that allied forms would 
range themselves as reductions from such a type. On the other hand, 
ill series which have really been ascending series, the original forms would 
not be prominent as types, and so would not be likely to command 
attention. 

Commonly it has been on a basis of simple comparison that phyietic 
series have been traced ; but it is plain that apparent sequences should 
be checked according to other considerations tlian those of mere formal 
comparison. The most important of such checks is that of physiological 
proliability, or even in some cases possibility. In (hose phyla where the 
organisms are relatively isolated, and the wide gaps in the series make 
comparisons less certain, such checks are specially necessary^ and in none 
more so than in the Pteridopbyta. 

d’here is overwhelming evidence that the homosporous state was the 
original condition of all the known phyla of Pteridophytes, as it is the 
uniform condition of all the Bryophyies, It may be assumed that it was 
while still in this condition that the leading characters of their several 
sporophytes were established, though in many of them the heterosporous 
state supervened at a later dace. This brought with it complications of 
the Factors which originally determined the form of the sporophyte. It 
is desirable to avoid any confusion of these later factors with those which 
determined the character of the sporophyte in its more primitive homO' 
sporous state. It will be best to put theni on one side for the moment, 
and to confine the attention at first to the simpler problem of the evolution 
of the homosporous types : for this will be found to give a better insight 
into the principles relating to amplification and reduction, and the part 
which they respectively played in the evolution of the primitive 
sporophyte. 

According to the adaptive theory of alternation, as stated in Chapter VL* 
the e:( tended development of the sporophyte acted as an offset to those 
obstacles to fertilisation which faced aquatic oiganisms as they e?tiended 
to a land habit. Where all germs are alike (homosporous), the larger the 
number of them produced the greater the probability of survival : thus 
selection would favour those with the highest spore-output. But to secure 
a high output of spores there musr be an adequate supply of nutritive 
material : thus a condition of any extension of spore-output will be a due 
nutritive supply; and, conversely, any diminution of nutritive supply will 
reduce the output The two systems, that of nutrition and that of 
propagation, will thus tend to vary together as regards amplification or 
reduction. And since in homosporous forms the highest chance of survival 
and of spread lies with those organisms capable of the highest numerical 
propagation, we should naturally anticipate that in them, other things 
being equal, a general progressive amplification would have the upper 

hand. 
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But it IS to be remembered that in the plant^body the two functional 
systems, the ve^^elative and propagative, are not equally free of one 
another. In any independent organism the vegetative system may increase 
without any corresponding amplification of the propagative- but the latte 1 
cannot do so without the former, since it is dependent on the vegetative 
system for its nutritive supply. In the Archegoniatae this statement will 
hold for the organism as a whole, taking gametophyte and sporophyte 
as one. But if, as in the present work, attention be centred on the 
sporophyte* qualifications will require to be made : for a considerable 
proportion of the nutritive supply of the sporopliyte may originate from 
the parent gametophyle. In the embryos of all the Archegoniatae this 
is the initial condition, and some of the Simplest have never broken 
away from it ; but in all the more advanced types the vegetation inde- 
pendence of the sporophyte is fully attained* while others hover in varying 
degree between selbnutrition and dependence. It thus becomes a question 
of the source of the nutritive supply in each separate case before it is 
possible to decide how the balance of the nutritive to the propagative 
system in the sporophyte has been adjusted m descent ; and this is a 
necessary preliminary to any view as to the probable amplification or 
reduction of either. 

It will be well to consider a few examples illustrative of the various 
degrees of embryonic dependence in Archegoniate Plants, In the sporo- 
gonium of Rkd^ there is no self- nutritive tissue : the supply comes entirely 
from the gametophyte; it may be a question for discussion whether the 
absence of a nutritive system is due here to reduction, is itself the 
actual primitive state ; but the latter is the view usually accepted. In most 
other Liverworts there is little or no functional nutritive system in the 
sporophyte. But the Anthoceroteae form an. exception, and in them it 
is represented in varying degrees : in fMadroar^n and I^otothylas^ and 
part qf the genus Anihoiero^ there is chlorophylbparenchyn:ta in the sporo- 
gonial wall, but no stomata ; but in the two sections of the genus Anihijar^s 
with non spiral elaters, the presence of stomata is a structural indication 
of the efficiency of the sporophyte in self-nutrition. It may, however* be 
a question whether the simpler Anthoceroteae are on the up-grade or the 
down-grade of development. That a down grade of development may 
occur even among simple Liverworts has been placed upon a reasonable 
footing of probability by Lang, in the case of the genus Cyathodinm ^ 
(Big, 11(5), where it appears to be a consequence of growth in a moist, 
shaded habitat. Not only is the reduction effective in size* but also in 
complexity of the whole sporogonium ; but the spores themselves, though 
numerically fewer* fully maintain their individual bulk, rhe foot is also 
reduced, and it is suggested as possible that the absence of a foot In the 
Rkda cell may be the consequence of still further reduction in them of 
a similar nature to that seen in Cyaihodinm. 

* Annnh a/ sis., p. 241, 
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Among the Mosses the small Cleistocarpic forms are virtually dependent 
for all their [lutiStive supply upon the I^Ioss-PlaiiL In larger forms, such as 
Sphchmim^ and Buxbaumia^ tliere is a ivelhdeveloped assi dilatory 
system with functional stomata, and there is no doubt that it con- 
tributes materially to the nutrition of the sporophyten But in some cases, 
such as Sphu^^nuf}!^ fph^mernm^ and Nammiirhwi^ stomata, though present, 
are nondunttionah a fact which indicates a probability that these sporo- 
gonia are now more dependent for nutrition upon the Moss-Plant than 
their ancestors were. Fhere seems some probability also that there has 
been, in the genera last named, a reduction in the numerical spore-output 
These examples from the Bryophyta illustrate how the sporophyte is 
variously dependent upon the gametophyte for nutrition; and that while 
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tiintfi /^eiitiisshittini to show theif pEj&iiimi qii iltc tli^llus nnd their rclntiv^ air?. Jn 
hoth cases the sporogonia oontaiineU ftporcs c3:ittrsi with their thickened, iiul had 
not ()Lii[e aitaiiietl their full mt- J< 7 ^, (After Lsniff.) 


in some cases provision has been made for some degree of self-nutrition, 
in others the dependence may have increased in the course of descent^ 
as shown by reduction of the assimilatory system of the sporophyte; and 
there is also some indication that the spore-output has suffered by the 
change* Thus* notwithstanding their homoporous state^ it would seem 
probable that phyletic reduction both of the vegetative system and of the 
spore-output has been operative among them in some cases in their 
neutral generation. 

Among the Pteridophyies the embryonic dependence is usually brief: 
the young plant hastens to elaborate its own assimilatory system, and to 
become physiologically in dependent* as in any mature Fern, or Horsetail* 
But under some circumstances the period of dependence Is liable to be 
extended* a condition which brings with it evidences of a corresponding 
reduction of the first-formed appendages. This is seen in certain embryos 
borne on underground* mycorhi^al prothalli, and examples of it are seen 
in the Ly copods, and in the Ophioglossaceae. For instance* while 
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podmat Sdago expands its first leaves as green assimilating leaves, those 
of L. slauatum are developed underground, and ap[)ear as n^inute colour- 
less scales* succeeded later by green foliage leaves (Fig, 117). Again, in 
Boiryduum virginianum the cotyledon is a green, expanded foliage leaf: 
in B. Lunaria the first leaves are minute colourless scales. These cases 
from among the Pteridophytes illustrate in two distinct series how, where 
physiological dependence of the sporophyte is extended, owing to peculiar 
circumstances, a local reduction of its vegetative system may follow. 
They also have their interest for comparison with those Bryophytes which 
have non functional stomata, for in both the gametophyte appears to 
have assumed increased responsibilities. Nevertheless, iu these cases from 
the Pteridophytes, the plant when ultimately 
free shows no general reduction : the effect 
is local, and does not extend to the mature 
organism \ moreover, there is no reason to see 
in such effects any reducing influence upon 
the ultimate spore-output. 

Passing on to the independent sporophyte 
as seen in the Fteridophyta after the enrbryonic 
period is past, two cases require consideration : 
the autotrophic types, on the one hand, and 
on the other those sporophytes which show 
indirect nutrition, such as is seen in the 
mycorhizSc types. In independent autotrophic, 
homosporous Pteridophytes, the presumption, 
as has been seen above, would be that they 
would show evidences of am plifl cation rather 
than of reduction. So strong does this pre- 
sumption appear that, wherever a line of fAficr iimchiiiami.) xto. 

j + , 1 c n w^roertt trrivtfs htne rnrorts^nciid 

reduction is suggested lor a homos porous type, :ks iniiiuu' tLnd,:r,Tto,„jd 
it should be incumbent upon its author to 

show physiological reasons why it should have occurred. Mere mor- 
phological comparison without physiological support should be held as 
an insufficient basis for theories of general reduction in homosporous 
forms. 

But examples of special reduction, affecting parts or details of 
homosporous Pteridophytes, are not uncommon. It seems not improbable 
that the leaves of modern species of Efmsftum are reduced as com- 
l>ared with those of early Calamarian forms, and this may be held 
as correlative to the development of the cortex in E<^uiseium as an 
effective assimilating tissue. Certain of the leaves of Osmunds have an 
arrested lamina, while the leaf-base remains as part of the protective 
armour which covers the axis: potentially these are complete leaves, 
and their arrest before maturity may be held as a case of reduction. 
Such examples as these are in the nature of correlative adjustment of 
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parts of tlie shoot, inter jr, and cannot be held to be examples of general 

reduction. 

Ihere remain to be considered tliose spoiophytes which show some 
form of indirect niit]itioi\ the commonest of which is the mycorhizic 
symbiosis. The occurrence of a symbiotic state is often loosely held 
to be equivalent in itself to a demonstration that the organism in which 
it occurs has been the si^bject of general reduction; and reference is apt 
to be made in support of this to extreme cases, where it has in fact led 
to complete saprophytism. But it is necessary to be clear what effects 
they are which necessarily follow upon this habitj as apart from those 
which are occasional and extreme ; for it is only the former which can 
properly be counted on for argument. Stabl has indicated that the usual 
structural concomitants of mycorhiza in green plants are such as lead 
to economy of the water-interchange : ^ vi;:,, a restricted root-development, 
with tliick unbranched roots, and absence of root-hairs : little structural 
provision for water transfer and an absence of organs of water-secretion; 
while a leathery texture of the leaf, a feature of other plants which 
economise water, is not uncommon- But these characters are by no 
means uniformly or exclusively found in mycorhizic plants : for instance 
Cyatkea is mycorhizic, but it shows such characters as the leathery leaf 
less obviously than Aspkmiim nidus and Osmimda regalis, which are not. 
^Vhen present the features above named may be held to be indicative of 
a probable reduction in respect of the parts immediately' affected; but 
that is a very different thing from the general reduction w'hich is some- 
times ass u tried to follow mycorhiza as a necessary consequence^ General 
reduction implies an effect on both the nutritive system and the propagative 
system. But it is to be clearly understood that so far as the mycorhizic 
habit affects nutrition, by yielding as it does in some cases an efficient 
saprophytic supply, the reduction will appear in the vegetative system 
only, and not m the propagative. This is amply illustrated in Phanero- 
gamic plants such as Neottia and Sarcodes^ where the flowers and fruits 
remain of the usual types though the vegetative system is reduced. 
Similarly, among Pteridophyles, if mycorhiza were really effective in them 
as a considerable means of saprophytic nourishment, we should expect the 
consequent reduction to appear in the vegetative system, with a loss of 
chlorophyll in extreme cases ; but that the spore-producing parts should 
remain of the usual dimensions and character of the family: that is, 
supposing the saprophytic supply to be as efficient as the normal chloro- 
phyll nutrition Now, putting aside certain exceptions to be noted below, 
such a condition is unknown among Pteridophytes, and its absence goes far 
to show that the mycorhizic symbiosis seen in them is not a fully effective 
source of organic nutritive supply. The facts do not bear out the 
general assumption that mycorhizic symbiosis, as seen in certain of 

^ Pringsh. Jahrb.f JtJtsiv., p. 53,9. 

-See F. W. Oliver, on Atm, jv. 
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the Pieridophyles, leads lo a general reduction of tlie Infected sporophyle 
as a whole* 

The particular family in which the argument relating to myeorhiza Iieis 
been specially applied is the Ophioglossaceae. A more detailed account 
of it will be given where the family is specially described below ; but 
meanwhile it is to be noted that there is throughout the Adder's Tongues 
a close parallelism of proportion of the sterile lamina to the fertile spike : 
this is indeed one of the most remarkable features in the morphology of 
the family, the parallelism extending not only to the siKe of the respective 
parts, but also to the character and extent of the branching of each. If 
saprophytic nourishment by the mycorhiiia were in this case a real 
substitute for chlorophylhassimilation the sterile lamina would fall behind 
the spike in its dimensions ; but in the normal representatives of the 
family it does not. The conclusion follows that in the mature sporophyte 
of the OphSoglossaceae the mycorhiza is not functionally an effective 
substitute for nutrition by chlorophyll-assimilation. 

rhere is, however* one series of species in that family In which the 
proportion of the two parts h not maintained, the section Ophmkrma 
of the genus Ophioglosmm. Here the epiphytic O. peftdtihtm shows 
appro vimaiely the usual balance j but in 0. iffUrmedium^ a land-gKJwing 
Species, the sterile lamina is relatively small, while in 0. simpk^x, also a 
ground-growing species in which mycorlUKa is present, the lamina appears 
to be altogether tin re presen ted. I regard this section, Op/dodi'rma, as a 
series in which mycorlvi^a has become efTective as a substitute for chlorophyll- 
ntUrition, and that reduction of the vegetative system has actually followed 
as a consequence : nevertheless the spike, being effecLively nourished, 
retains its dimensions. But disturbance of the balance of the vegetative 
and reproductive systems such as this is a very different thing from any 
general reduction of both, such as is sometimes assutned to follow in 
consequence of a symbiotic habit. ^ 

Another family which provides an interesting parallel in this respect to 
these Ophioglossaceae is that of the Psilotaceae. In TjfusipkHs there is a 
reasonable balance of size between the forked sporophyll and the bilocular 
synangium. In PsUotu$n this balance is not maintained, for the small 
sporophylls are ineffective as assimilating organs while the tdlocular 
synangium is still of large sue. It is true the green asis is an effective 
organ of assimilation, but it would appear probable that the mycorhuic 
Slate also assists. 

The discussion of the parts played respectively by amplilication and 
reduction in the genesis of the hoinosporous sporophyte m£iy noiv be 
summed up. The end of its development is the production of the 
largest number of effective germs. To increase their number involves 
amplification of the propagative system. This involves also in many 
cases amplification of the nutritive system. However* this is not an 

^ Sec Scott, Siuiiut^ p. 51 r. 
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end 'm itself, btn only a means to the end, viz., the suitable nutrition 
of the nascent germs. There are several ways in which this nutrition 
may be effected ; they are these i 

(1) Nutrition by the gametophyte, which was the most primitive 
method. 

(2) Self-nutrition of the sporophyte by its ow-n assimllatory system. 

(3) Indirect nutrition of the sporophyte, e.^. by mycorhiza. 

Provided the spore^ production be maintained, it matters not which of 
these is effective^ or dominant in any individual case j and in point of 
fact they have varied in the phyletic history. In the original state of the 
sporophyte there was undoubtedly nutrition by the first method. Subse* 
quentiy the second supervened ; and there is reason to think that during 
the phyletic history there has been a varying balance of the effectiveness 
of these two factors. Generally speaking (i) has w-aned in importance 
proportionately to the w^hole requirement ; but in such cases as the 
MosS’Sporogonia with non^functlonal stomata, and in the large under- 
ground proihalli of Lycopods and Ophioglossaceae (1) appears again to 
have increased in proportional importancej encroaching upon, the effective- 
ness of (?), with the result that local reduction of the mechanism of 
self-nutrition in the sporophyte followed ; but still that may have pro- 
duced no ill effect upon the spore-output. Passing to the independent 
sporophyte, its primitive nutrition was autotrophic (*), and there was a 
suitable balance of the nutritive and propagative systems^ the method of 
which differed in the different phyla. Lastly* in those cases where 
indirect nutrition (3) by mycorhiza contributes effectively, a reduction of 
the normal nutritive system of the sporophyte may take place ; but so 
long as the sum of nutrition is maintained the propagative system would 
not be reduced. If, however, for any reason the sum of nutrition fall, 
then general reduction would ensue. 

It Is not then enough to suggest reduction on mere grounds of com- 
parative convenience : to make the suggestion convincing m any group 
where general reduction is believed to have occurred, it will be necessary 
to prove that the sum of nutrition, from w-hatever source, has diminished 
ill the course of descent, and that reduced 3 pore output has been the 
result. Until this lias shown to have occurred in any case, there seems 
no sufficient reason to accept as more than a quite open hypothesis any 
suggestion of general reduction of Els sporophyte. The biological probability 
is against extensive, or general, reduction in homosporous forms, and in 
any case the positive balance durii^g the whole phyletic history must 
have been on the side of amplification. 

But where there is heterospory, and especially in plants showing the 
seed-habit, w^here a high certainty of a germ becoming effectively established 
is attained by storage in the enlarged spore, reduction in the number of 
spores followed* stnd the cognate reduction of other parts assumed many 
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different forms. These oeed not be detailed here ; it will suffice to quote 
as one example of a case fully made out the reduction of the sporophyll 
in the Cycadales. 

It is thus seen that hypotheses of relative primitivenessj or of reduction 
as applied to living organisms^ do not stand on an equal footing. The 
former has the logically prior claim^ and should be accepted as a 
working theory until good grounds can be given for preferring the latter ; 
and the mere exigencies of comparison will not be sufficient : a proper 
foundation can only be sought in the biological circumstances of the 
organism in question. Such evidence is specially necessary when dealing 
with homospOTOUS forms, in which the problem is more directly one of 
size, nutritive capacity* and consequent spore-number, chan in the case 
of those which are heterosporous,^ 

^Ccnn|)i»rt Bow^r, Scfi-nrt Progrtit^ voL iv,, |>. 358, dc. Also Tansley, 
ml i., p. 131. 



CHAPTER XX. 


SUMMARY OF THE WORKING HYPOTHESIS. 

It will be useful to collect the substance of the preceding chapters into a 
more concise formj hypothetical and uncertain as in their very nature 
any conclusions must necessarily be. 

The general problem of the origin of a Land*Flora is not to be solved 
by mere observation of the present-day distribution of the organisms 
composing it j some other basis for an opinion must be sought. The 
problem has been approached primarily from the point of view of the 
individual life; and special regard has been given to the relation w'hich 
subsists between the environment and fertilisation, the most critical incident 
in the life of any organism (Introduction). 

It seems probable that certain Algae represent in their general characters 
the original source from which the Land-Flora sprang. Their prevalent 
method of feTtillsalion by motile gametes is by many held to show a 
reminiscence of their ultimate origin from the freediving Flagellates : however 
this may be, the gamete motile in water is a character which many Algae 
share with the Archegoniatae ; it is a feature essentially typical of aquatic 
vegetation. 

In respect of their whole life- cycle the Archegoniatae may be said to 
show an amphibial existence, the aquatic and the terrestrial characters 
being reflected in its two alternating phases (Chapters IL and IIL)* The 
gametophyte is as a rule delicate in texture, without intercellular spaces 
in Its tissues, or a fully developed water-conducting system, while its sexual 
organs only become functional on their rupture in water outside the 
plant-body; the gametophyte thus proclaims its ultimate dependence on 
external fluid water as thoroughly as an Alga. The sporophyte, on t e 
other hand, is a characteristically subaerial body: this is shown by its 
more robust habit, its effective ventilating system, and its vascular strands 
for the conducting function seen in all the higher forms: its final resu t, 
the maturing and dissemination of spores, is normally carried out un ^ 
circumstances of dryness. All these features mark it as an essentia y 

terrestrial phase. 
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The Archegotiiatae themselves retain i^'^ith remarkable pertinacity the 
awkward and embarrassing mode of fertilisation thrcmgli the medium of 
external fluid water. But with the advent of the Seed- Habit this beoimc 
modified: finally the sperm was no longer set free as a cell motile in 
external water, but fertilisation came to be effected by means of a closed 
pollen-tube. Thus the higher Seed-Plants at last became typically terrestrial 
organisms, breaking away from the last vestige of the amphibious habit 
of their progenitors^ the Archegoniatae* 

But all this was not achieved suddenly. From living organismsj and 
in some degree from fossils, indications may be gathered of the various 
steps which led to the establishment of the spOTophyte as the essential 
feature of a Land-Flora. Tracing these steps backwards it is possible to 
obtain a clue from the simpler aquatic organisms: these plants give the 
best indication available how the initial start was probably made. There 
is reason to belie ve^ on grounds of comparison, that the sexual generation 
or gametophyte was the prior existent, and that the neutral generation or 
sporophyte arose as a phase intercalated in the course of descent between 
successive gametophytes : that the initial step which led to this was the 
existence of those complications of cell-division which appear in so many 
of the lower plants as a consequence of sexuality, and are connected 
with the reduction of chromosomes already doubled in the sexual fusion 
of nuclei. It is certainly the fact that in some Algae such post-sexual 
divisions do result in the production of a plurality of germs : biological 
circumstances which would encourage the multiplication of those germs 
might be expected to lead tow^ards the establishment of a neutral generation. 
In plants exposed to changing conditions of moisture and of drought, 
such circumstances would be specially effective, and this must naturally 
be the position of any which spread to a land-habit. Here access to 
external fluid water ivould be an occasional rather than a constant 
occurrence : consequently sexuality could only be carried out occasionally, 
when water was available, while it would be precluded under dry conditions. 
Less dependence could then be placed on sexuality for increase in 
number of individuals, and a premium would be put on an aUernative 
mode of propagation* suitable for dryer circumstances. The post-sexual 
divisions accompanying reduction would supply the initial state upon which 
variation and selection could work towards this end^ and by an increase 
of these divisions the number of post-sexual germs would be increased, 
It is thus seen that the biological conditions involved in the transition 
from water to land would naturally encourage some form of amphibious 
alternation (Chapters V, and YI.). 

The establishment of a Land-Flora thus involves the origin of a body 
adapted to terrestrial life; and as such the sporophyte is to be recog- 
nised* Its first function, as it is also its final office even in its most 
elaborate forms, is to produce spores. The spores of the simpler 
Archegoniatae are all similar and equivalent germs : the larger their 
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number the better the chance of survival; in this may be Touiid the 
rationale of the enormous numbers of spores habitually produced by 
the homosporous Archegoniaiae. To protect them while young, and to 
nourish them during their development presupposes some vegetative 
system, which will require to be more elaborate the larger the number 
of spores. The protection is in part supplied by the parent gametophyte, 
though in all but the simplest it falls on the sporophyter The nutrition 
may also in some cases be supplied by the gametophyte* as it is in the 
simpler Liverworts and Mosses ; but in the more advanced forms, after 
the first cnibryonic stages are passed this duty fails on the sporophyie 
itself, as in the Avascular Plants. ^I’he comparative study of the sporophyte 
in its various living forms suggests certain factors of advance* which led 
to its becoming efficient for carrying out these functions of protection 
and self-nutrition, and thus conduced to its final independence ; the most 
important of these are J (i) sterilisation of cells potentially sporogenous* so 
as to supply a vegetative system (Chapter VIIL); (ii) the segregation of 
the sporogenous tissue into distinct pockets, or sporangia* thereby facilitating 
nutrition and dispersal (Chapters VIIL and IX.); and (iii) the origin of 
appendicular organs, which serve a variety of purposes beyond the usual 
direct ones of supporting the sporangia, and of nutrition {Chapter XL). 

Sterilisation of cells potentially sporogenous is a feature which is very 
widespread among living sporophytes : evidence of its occurrence may be 
drawn from all the main groups composing the characteristic Flora of 
the Land (Chapter VIL). The argument to be based on this fact is as 
follows t it is seen in plants of the present day that in definite cell-groups 
of the sporophytCi which may be recognised as sporogenous* sometitnes 
the whole body of the cells undergo the tetrad-division, and form spores; 
in other cases, while certain cells of such groups are fertile* other cells 
of like origin with them remain sterile r these may, however, subserve 
various purposes in less direct relation to the production of the spores : 
in certain cases the sterile cells may even develop as permanent tissue. 
The conclusion from this is first ontogenetic ; viz,, that the sterile cells, 
being sister cells with those which are fertile, are potentially sporogenous 
cells which have been diverted from their original purpose, and that their 
potential spore-producing capacity has been sacriftced to ensure the 
success of those which remain fertile. The second conclusion is phylo- 
genetic, and it follows from the fact that examples of such sterilisation 
may be drawn from all the main groups of Plants which form the 
characteristic Flora of the Land: it is that such transformation of cells 
from the fertile to the sterile condition as is se^n so commonly at the 
present day, was also of common occurrence in the course of evolution 
of the sporophyte. It would be going too far to say that there is m 
this any demonstration of the source from which all vegetative tissues 
of the sporophyte have been traced; but at least this is a justifiable 
working hypothesis. 
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It i$ possible to conceive of an indefinile Increase of the sporopliyte^ 
by continued cell I -division and progressive sterilisationj in a body main- 
taining a simple form ; but mechanical and physiological checks impose 
a moderate limit. The Bryopbytes illustrate in some of their forms sucl^ 
progress in the sporophyle successfully carried out to a relatively high 
degree of complexity, but in all their more advanced types there is a 
distinction of apex and base, the basal region being sterile and the apical 
region fertile. Their sporogonia, however^ always retain a simple form, 
and with few exceptions the radial type of construction : they are all 
alike also in having a single continuous spore-sac. This is plainly a type 
of construction which has its limits imposed by mechanical and physio- 
logical conditions. Reasons such as these have tended to prevent the 
Bryophytes from developing their sporogonia beyond a very moderate 
siite. They show, however, very clearly on comparison the successive 
steps by which progressive sterilisation may advance the complexity of 
a simple type of sporophyte (Chapters IIL and IX.). 

But the Vascular Plants, while showing the same plan of life- cycle, 
have been able to continue development without those mechanical and 
physiological checks operating upon their spore-output. 'The outstanding 
features in which they are more free than the Bryophytes follow^ from 
the segregation of sporogenous tissue in distinct sporangia, and the 
formation of appendicular organs. The biological advantages thus attained 
are obvious : a plurality of sporangia makes possible the separate, and 
more efficient nutrition of each : thereby also the mechanical difficulties^ 
which act in limiting the Bryophyte sporogoniuni^ are effectively avoided* 
On the other hand, the development of appendicular organs makes 
independent self-nutrilion of the sporophyte really effective, while the 
position of the sporangia on the appendages facilitates the dispersal of 
the spores* The palaeontological record shows conclusively that both of 
these features were of very early date, and their consequences are 
illustrated in the earliest fossils of which there is any detailed knowledge 
(Chapter XVIll.). The advantages secured by an unrestricted type of 
development were doubtless such as to lead to a rapid advance. It 
can therefore be no matter for surprise that connecting links between 
the twp states are absent, even supposing the two piryla, in w'hich they 
are character is I ically shown, to have had some degree of community of 
origin. 

The Pteridophytes show diversity of type, according to the sb*e of 
their appendages i those which are smaller-leaved, as in the Ly copods, 
Equiseta, and Sphenophylls, have as a rule a terminal slrobiloid fructifica- 
tion, though this is not always clearly differeniiated from the vegetative 
region* In the Fern-like types the fructification is disposed more 
generally over the enlarged leaves. As in the Bryophyta so in the 
strobiloid Vascular Plants, a sterile basal region precedes the terminal 
fertile strobilus. This vegetative region may be held to be a phase 
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iiilercalated as a consequence of sterilisation^ and will therefore take a 
secondary place. An important question will then be how this more 
elaborate condition of the strobilus of Vascular Plants came into exist- 
ence. Any theory of the origin of the strobiius should be based upon 
detailed knowledge of its structure and development, in forms living 
and fossil, and of its parts : these are the axis, which is the central 
part in nn)- strobiius ; the appendages ; and the sporangia, which are 
usually pmduced in relation to the latiern These parts will require 
separate consideration. 

A detailed study of the sporangia of Vascular Plants has led to the 
folloiving definition of the sporangium (Chapter VI IL), which discards 
non-essential and fluctuating characters, and retains only what is essential 
and constant. “ Wherever there is found in Vascular Plants a single spore- 
mother-cel 1, or connected group of them, or their products, this, together 
with its protective tissues, constitutes the essential of an individual 
sporangium.” In many cases the sporogenous group is not strictly cir- 
cumscribed, but has ragged edges : cells which are sister-cells may not 
unfrequently be found to develop the one sterile, the other fertile. On 
the basis of structure this is consistent with the view that each fertile 
tract is a residuum left by advancing sterilisation. In the simpler stro- 
bilold types the sporangia are associatedj singly or in small numbers, 
with appendages of various form and nature, which arise laterally, and 
in acropetal succession, as superficial outgrowths from the pre-existent 
axis t these are designated in various cases sporophylls or sporangiophorcs. 
The theory of the strobiius, stated in Chapter XL, uses the structural 
and developmental facts thus briefly summarised in the following way. 
It assumes, first, a sporophyte-body, already showing a distinction of a 
basal vegetative and an apical fertile region. This was endowed with 
apical grow'th, and an acropetal succession of its spore-development, The 
latter was relegated towards the suiface, a change clearly indicated by the 
analogy of the Liverworts and Mosses. That by advancing sterilisation 
the fertile tissue underwent segregation into sei>arate pockets, or sporangia, 
and that, by e nation from the surface, appendages were formed in aero 
petal succession, of the nature of sporangiophores, or sporophylls : upon 
these the fertile loculi would be borne outwards, as they are seen to be 
in the individual development of sporangiophores to-day* The apically 
growing axis would thus have been the preexistent portion of the shoot, 
and the successively formed appendages secondary, as they are in the 
actual development. It has been shown that every one of these steps 
has its prototype among living plants : moreover the theory is in accord- 
ance with the ontogeny at every step (Chapner XI.). 

In the strobiloid type of the Lycopods the sporangia are definite m 
position and in number ; while the relation of them to the bulky axis is 
very close* This is held to be a primitive condition, and palaeophy- 
tology shows that it was existent among the earliest fossils. In others. 
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also probably primitive and certainly early, the appendages are larger, and 
the sporangia more removed from the axis ; and in proportion as tliis is 
so their number is less precise, But even where the appendages are 
largest, as m Ferns, or Ophioglossaceae, the relation of leaf to avis remains 
essentially the same. 

The variations of number of sporangia actually seen as effective 
Vascular Plants have been discussed in Chapter X., in which methods of 
increase are separated from those of decrease. Both of these are liable 
to be disguised by the swamping effect of continued apical growtht and of 
branching of axes and appendages, which are so prevalent in Vascular 
Plants. But, putting these more obvious sources of numerical change of 
sporangia aside, there are others which have also been effective, and have 
probably played an important part in evolution. As factors of increase in 
number of sporangia septa tl on and interpolation are to be recognised. 
The former of these has probably been underestimated hitherto in its 
evolutionary effect : numerous synangial bodies in Pteridophytes are com- 
patible with it, and each must be considered on its merits ; moreover, 
septation is demonstrated to have actually occurred in the anthers of a 
number of Angiosperms^ Interpolation of new^ sporangia among those 
previously present, on the other hand, has hitherto been overestimated ; 
In certain of the simplest forms, and particularly in the Lycopods, it is 
non-existent : it is more prominent in larger-leaved forms, where sporangia 
are indefinite in number, such as the Ferns, and it has played an 
important part among the later Polypodiaceae ; but no clear case of it 
is known among Palaeozoic Plants. It is held as a relatively late mode 
of increase, initiated as a secondary phenomenon, and it cannot be 
assumed to have been of general occurrence in the course of descent. 

Among the factors of decrease in number of sporangia the arrest of 
apical growth in axes, or in appendages, has probably been one of the 
most effective, and especially so in the later types of development ; but 
as tbisj where operative, would leave no trace behind of w'hat had actually 
occurred, it is liable to be underrated in its effect The chief remaining 
factors of decrease are fusion of sporangia originally distinct, and abortion. 
The former of these ha5> probably been overestimated hitherto in its 
evolutionary effect : the assumption has been too generally made that 
synangia are the result of fusion of sporangia originally separate. Each 
such case must be considered on its merits, but with the full conscious- 
ness that septation will produce results structurally similar to those of 
fusion. Abortion has been altogether underestimated in dealing with 
early Vascular Plants. In the Lycopods there is ample evidence of its 
effect ; and it Is to be remembered that where abortion is complete, 
no vestige remains to show what has taken place (Chapter XIII.). 

Tlie condition of any poly-sporangiate sporophyie, regarded from an 
evolutionary aspect, may be held to be the resultant of such conflicting 
factors of increase or decrease as those mentioned, which were operative 
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during its descent. The problem will therefore be to assign its proper 
place in the evoUutonary history to any or each of these factors. But 
to do this presuines a knowledge of that history more complete than is 
at present accessible; still it is well thus to formulate the problem, with 
a view to clearing the points at issue. 

The sporangia are rarely inserted directly on the aicis, but usually on 
appendicular organs of various form and size : these have been designated 
in some cases sporophylls, in others sporangiophores. Reasons have 
been assigned in Chapter XII. for the opinion that all these appendages 
are not to be held as referable to any single original category of parts, 
such as the formal morphology of the higher plants would recognise. 
According to a strobiloid theory there is no need to assume that all 
appendicular organs were alike in their initial character, though circum- 
stances may have led to their ultimately settling down to a more or less 
uniform type among plants of advanced development. 

The term sporangiophore is applied to certain appendages which bear 
one or more sporangia, and are traversed as a rule by a vascular strand 
for their supply* Their position may be directly upon the axis, as in 
the Equisetales \ or upon some lateral appendage, as in Hdntiuihosiachys\ 
or on the surface or margin of a leaf, as in Ferns, w^here they are commonly 
called sori. The sporangiophore, wherever found in primitive forms, may 
be held to be itself a primitive structure, and is not to be assumed to 
be a result of modification of any other sort of appendage (Chapter Xn.)H 
The position which ^‘foliar” parts hold relatively to sporangia or sporangio- 
phores is frequently that of subtending them, as though determined by some 
function of protection, or, in some cases, of nutrition* It is illustrated in 
the Lycopods, the Sphenophylls, and the Ophioglossaceae ; and with less 
regularity in the Calamarians. These relations are probably due to some 
common causal circumstances. 

Such discussions natumlly open up the question of the nature and 
origin of those parts which are comprehended under the term "leaf* 
So long as the fossil record remains as imperfect as at present, there 
can be no certain knowledge on these points, since the foliar development 
was present in the earliest vascular fossils of which there is certain or 
detailed evidence : accordingly the question can only be approached on 
grounds of comparison. There is reason to believe that the Bryophytes 
acquired their leaves polyphyletically, and this consideration w^ould suggest 
that the foliar appendages of Vascular Plants may also have been poly- 
phyleticj this position, which accords with their differences of charactei* 
is quite compatible with the strobiloid theory (Chapter XIL). One point 
which follows naturally from the observation of the earliest stages of 
development of foliar organs, whether in the sterile or the fertile shoot, 
is their lateral origin below the apex of the axi>j which bears them. Iti 
the ontogeny the axis pre-exists the youngest leaves: this is believed 
to have been the case also throughout descent (Chapter XI.)* 
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Though the evolutionary origin of the leaf musf be still a matter of 
doubt, there is less uncertainty as to the relation of the sporophyll to 
the foliage leaf (Chapter X in. The idea of “progressive metamorphosis’^ 
from the foliage leaf to the sporophyll, as propounded by Goeihej is 
incompatible with the strobiloid theory as above stated : the converse of 
Goethe^s progressive metamorphosis will appear to have occurred, 

viz.j that at least in some cases, and perhaps in all, the foliage 
leaf is a sterilised sporophyll t thus the vegetative region, though 
ontogenetically the first, is held to be phylogenetically the derivative 
not the primitive condition of the shoot. The evidence that this is 
so is primarily based upon broad comparison ; but secondarily upon 
the existence of abortive sporangia in certain Pteridophytes, about 
the limits of the vegetative region. It is further pointed out that in 
cases of complete suppression, where no vestige remains of the undeveloped 
part, there is no structural evidence that the abortive part ever existed : 
this will account for the apparent deficiency of more direct evidence 
bearing on the origin of the vegetative system. 'I be result is a basal 
vegetative region, more or less clearly defined from a terminal strobiloid 
region, the latter retaining the primitive characters and the spore’ producing 
function. A vegetative region thus established in any phylum as distinct 
from the fertile, may undergo a distinct progressive evolution of its own, 
according to its special nutritive or other function ; and the result may 
be as wide a divergence in character of the two parts. But in many 
Pteridophytes the differentiation is not effectively carried out, as is seen 
in the condition oi Lyc&paditfm] or in nmny Ferns, in which any 

of the vegetative leaves may bear sori. 

The anatomical characters of the shoot accord readily with the theory 
of the strobilus (Chapter XV.). The nonm^edullaied monostele is generally 
accepted as the primitive type, and the more diffuse vascular conditions 
with medulla and ultimately with separate strands as derivative types; 
and this holds even in the megaphyllous forms, for their individual life 
habitually opens with a protostelic condition of the axis, which may sub- 
sequently pass into some more diffuse structure, This is held to indicate 
a prior state of the shoot where the axis was structurally dominant, and 
' the appendages small ; the more complex vascular arrangements go along 
with an increasing influence of the leaf in the shoot, and are the internat 
expression of it. On the theory of the strobilus this is a secondary con- 
dition, as in the anatomical history of the individual it is seen to be. 

The embryology of the sporophyte generation has figured largely in 
comparative argument. It is pointed out in Chapter XIV. that the im- 
portance of the earliest stages has been greatly overestimated. It has 
been shown that neither the Initial segmentation of the embryo, nor the 
continued segmentation at the growing, point bears any constant relation 
to the genesis of appendages, or of specific tissues. It thus becomes 
apparent that the early details of segmentation themselves are not 
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surticSently trustworthy guides in the study of the origin of mentbers, 
except perhaps between closely allied o^g^tn]3^ng, The present tendency 
is to study the embryo biologically, rather than as an embodiment of 
early historical fact : cind to recognise that the various appendages of the 
embryo originate in such positions, and at such times as are most suitable 
for the performance of their functions. The demonstration that ‘‘free^ 
living" leaves or roots may occasionally exist, suggests that some such 
degree of freedom may rule also in the first stages of the embryo. 

There is, however, one relatively constant and fixed point in the 
embryology of Pteridophytes ; it is the position of the apex of the axis 
in close proximity to the intersection of the octant walls in the epi-basal 
hemisphere. This at once defines the polarity of the embryo, whether 
Or not tlie axis may assert itself early by active growth. But when once 
the more plastic stage of the embryo is pastt and the characteristic form 
of the plant established, this would seem to be a more reliable basis 
for comparison than the first phases of the embryo (Chapter XTY). 

A general comparison of the shoot in the sporophyte generation as 
regards symmetry leads to the conclusion that it was originally radial 
(Chapter XVL), In the Bryophytes the sporogonium is a body which 
shows polarity, but retains with very few exceptions the radial symmetry. 
In the Pieridophj^tes many retain the radial symmetry also, but others 
depart broadly from it, some at an early period of the individual life, 
others at later periods. These changes may be referred to the unequal 
incidence of external conditions, and it has been shown experimentally 
that a radial structure may be influenced towards dorsiventrality by such 
external causes as unequal incidence of light, or of gravity. This has 
been the probable origin of the dorsiventrality as seen in the sporophyte, 
A comparison of the representatives of the same phylum among them- 
selves frequently indicates that those genera or species which are radial 
are less specialised in other respects than those which are dorsi ventral i 
this jis particularly dear in the Lycopodiales, as also in the large leaved 
Ophioglosgaccae and Marattiaceae. A careful review of the various phyla 
of Pteridophytes leads back constantly to the radial type as primitive. 
The fact that the radial construction is predominant in the Equisetales, 
Sphe no phy Hales, and Lycopodiales^ ivhile it is prevalent also in the 
Palaeozoic Filicales, shows how strong a hold it had among the earliest 
types of Vascular Plants. 

There is little evidence from plants of the present day of the existence 
of a primitive, permanently free' living, but rootless state of the sporophyte 
(Chapter XVII.). There is no certain knowledge how the root originated : 
it is clear, how-ever, that in the Lycopodiales the structure of the root 
is more like that of their axis than in other plants, while the comparison 
may also be strengthened by the fact of its occasional exogenous origin 
in those plants^ and its dichotomous branching* Further in the same 
phylum there exist in the Stigmarlan trunks^ and the rhiaophores of 
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Seia^hte/M, parts which are neither true roots nor hut serve as bases 

of attachment for roots. Though these bodies do not as^yet greatly help 
to solve the question of origin of the root, they draw attention to the 
Lycopodiales in connection with any discussion how a subterranean 
absorptive system originated. In the vast majority of Vascular Plants the 
root is formed early; and is ready as soon as the embryo projects from 
the prothalluSf to take up its physiological duty* There seems in tliem 
no need to assume that they achieved their independence through an 
intermediate “proiocorm"’ stage. It is quite as probable that the transition 
was in descent^ as it is to day, directly to the rooted state. 

The general conception of the rise of the sporophyte embodied in tbe 
preceding chapters difl'ers in its tone and tendency from some of the writings 
which have preceded it. The attempt has here been made to treat the 
sporophyte consistently throughout : to apply the same point of view to 
the ^^ascula^ Plants as to the Bryophytes. Qite important difference 
between the morphological method adopted here and that of some other 
writers is that it gives a less prominent place to hypotheses involving 
reduction from a more complex ancestry. The general principle here 
has been to assume that morphological characters are in tliie up-grade of 
development, unless there is good reason for holding a contrary opinion 
and only to admit that an organ has been reduced from some more 
elaborate body ^vhen there is sotue assignable reason (comparative or 
physiological^ but preferably both) for that conclusion (Chapter XIX.)* 
A theory of reduction has never been resorted to merely as a means 
of resolving a difficulty of comparison. The position adopted has accord- 
ingly been to regard it as probable that the smaller-leaved types were 
themselves primitive as a rule, though in some there is evidence of 
probable reduction ; and to contemplate it as probable that microph) llous 
have given rise to megaphyllous types. It is highly probable, cm the 
other hand, that reduction of sisse and complexity has been highly effective 
in certain phyletic lines ■ for instance* the recognised evolutionary story 
of the Cycads involves extensive reduction of the sporophylls. But for 
the primitive strobiloid forms, it would seem to harmonise better wiili 
their early occurrence, and their morjjhological characters, to hold tliat 
they represent a relatively primitive condition, rather than a down-grade 
of morphological complexity. 

The recent changes of view have been in great measure due to the 
extension of the knowledge of the fossils, both stiatigraphically and 
morphologically. It is true that such data are seldom decisive on ques- 
tions of comparison (Chapter XV I II.), but the case here is a strong one. 
It is found that strobiloid forms are at least as Cnirly in occurrence as 
large-leaved Fern-like types. Further, they appear not only to have been 
present iir the earliest fossil-bearing strata,' but also well represented in 
numbers and in variety of type. This has brought with it the conviction 
that the strobiloid type has quite an equal right with any other to be 
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held as itself of primitive character Whether the facts justify the con- 
clusion that the megaphyllous types are derivations of a microphyllous 
strobiloid ancestry^ the fossil record does not disclose. The only avenue 
to an opinion is then a detailed comparison of the known representatives. 
It ivill be the object of the Second Part of this i\'ork to supply such 
comparisons, relating not only to this important question, but also to the 
whole theory of the strobilus, as stated in the First Part. 
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INTRODUCTION. 

We proceed now to deal with the detailed statement of facts bearing on 
the theoretkal position expounded in the First Part of this work^ The 
arrangement to be adopted must not be understood as indicating anj^ definite 
opinion as to kinship of the several phyla described i it is often dictated 
by convenience of exposition, as much as by the estimate of degrees of 
affinity. Moreover* to any who entertain a belief in po1i3'phyletic origins, 
it will be clear that any simple serial sequence must be misleading. The 
primary end here pursued is not to assign degrees of affinity to the 
relatively isolated relics of a former World-Flora : such relations must 
always remain highly problematical, so long as the data remain as incom- 
plete as they at present are. The object is rather to frame some general 
idea of the methods of advance of the sporophyte; and to trace the effects 
of those methods from its simpler beginnings to its final condition as an 
independent plant* forming the essential feature of the Flora of the Land. 
Such a study must depend largely on details. Those details will now be 
put together in systematic setiuence. 

It may be objected that the scheme of this book is a reversal of the 
ordinary logical procedure of using the facts as a basis for the conclusions. 
But in point of fact, it is not so : for in writing the preceding chapters 
which have dealt with the general theory, all the data now to be 
described were before the mind of the author* and formed the natural 
foundation of his thoughts. It is for the convenience of readers that the 
working hypothesis has been stated first, so as to convej^ the point of 
view from which the facts may be examined and appraised. The derailed 
statement will thus be more intelligible in its bearing on the question of 
the origin of a Land-Flora, than would otherwise have been possible. 
It will hardly be necessary to repeat again that the general theory of the 
. foundation of a Land-Flora as a concomitant of antithetic alternation 
has been stated only as a working hypothesis"; it Is now to be tested 
by its applicability to the details which are to follow, 1 he course adopted 
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will be to start with the simpler types, and to proceed to the more 
complexH The presumable course of progressive evolution will thus be 
followed, but only in the broadest lines. Paragraphs will be inserted from 
time to time, pointing comparisons from one phylum to another; and thus 
some general conclusion may be arrived at as to the stability of the 
“working hypothesis,” 

It may be anticipated that the first place in the detailed description 
will accordingly be given to those Algae which show post-seiual deveEop- 
ments of tbe nature of a sporophyte, inasmuch as their nuclei have a 
double chromosome-number. But it seems unnecessary to give any more 
detailed account of these than that already embodied in Chapter V. : 
for at best these Algae only show that such post-sesual complications do 
exist among them, w'hile none of them can be accepted as direct lineal 
progenitors of even the simplest of the Archegoniatae. It is therefore 
sufficient for our present purpose to recognise again the fact that they 
suggest how the antithetic alternation seen in the Arciregoniatae may have 
originated. 

With these remarks the Thallophytes may be left on one side: it is 
reasonable to expect, however^ that in the future a better knowledge of them 
may result in their being drawm more directly into discussions of the origin 
of alternation ; but at present they have only a remote, and chiefly a 
theoretical connection wnth the question of the origin of a Land-Flora. 
Such materials as are available for the elucidation of this question are to 
be sought for in the study of the Archegoniatae, organisms which show 
themselves already fitted in greater or less degree for life on exposed 
land-surfaces. 

In treating the Archegoniatae there will be no need to give any detailed 
description of the gametophyte : this is already adequately done in the 
J/ass^s and Ferns of Campbell, and in the Organa^aphy of Goebel. It 
may be necessary to refer in some special cases to the gametophyte in 
order properly to understand the sporophyte which it bears j but excepting 
in such cases the gametophyte will be omitted from our descriptions : and 
thus the subject resolves itself into a comparative examination of th^ 
sporophyte in the Archegoniatae, from the general point of view^ laid do'vn 
in the foregoing chapters. 


CHAPTER XXL 
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The Liverworts include three main serieSt whicli differ, not only in the 
structure of the gametophyte but also in the details of the sporophyle ; 
the differences are sufficient to require their separate treatmerrt : the 
three series are — the Marchantialesj the Jungermanniales, and the Antho- 
cerotales. The results acquired from any one of these series may be 
brought into comparison with those from any other, and suggestive 
sidelights may thus be gained on the methods of advance of the 
sporophyte ^vhich they illustrate ; but the extent of their differences 
shows that they cannot readily be held to constitute one consecutive 
evolutionary sequence. 


A, The MaRCHaNTiALES. 

These include those He[>atics which show the simplest of all Archegoniate 
sporopbytes j and the fruit-body of RUcht is the extreme example of 
simplicity of construction. As in all other Archegoniatae the sporophyte 
of Rkdii originates from the ovum, contained in the venter of the 
archegonium (Fig, ii8), which is here deeply sunk in the tissue of 
the thalluSn I’he naked ovum at fertilisation is contracted away from the 
wall of the archegonium, but after fertilisation it forms a cell-wall, and 
expands till it completely fills the cavity. It then segments, the first 
plane of segmentation being inclined to the axis of the archegonium : this 
is followed by other cell-divisions resulting in cleavage of the sphere into 
octants, after which the segmentation becomes less regular, It is only at 
a comparatively late period that walls parallel to tire outer surface separate 
a superficial series of cells forming the wall of the fruit-body, from the 
mass of cells which lie within (Fig. 119). All these latter cells are fertile, 
while the superficial cells composing the wall are sterile and subsequently 
they become disorganised, their substance being absorbed by the developing 
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spores so that at maturity they are not to be recognised. A similar fate 
is described for the cells of the inner layer into which the archegonial 
wall has meanwhile divided; and thus there is a supply of nutritive 
material to the developing spores* comparable to that from the tapetum in 
the higher Arch ego niatae. The cells that lie within become rounded off, 
and thus separate from one another in the enlarging fruit {Fig. 120); all 
of them undergo the tetrad'division, and develop into spores, which have 
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a thick, darkly coloured outer wall. These are set free by the dis- 
organisation of the archegonial w^all, or calyptra, the outer layer of which 
persists till the spores are ripe. Under suitable conditions the spores 
germinate, and each forms a new gamelophyte. 

Hitherto no observations have been described as to the reduction of 
chromosomes in the tetrad-division of Rkdu ; but it may be assumed from 
analogy with other Liverworts that it takes place here also. It is, however, 
recorded by Garber ' that the number of chromosomes in the gametophyte 
of Ricewcarpus naians is Four, while in the sporophyte it is eight; but 
the actual fact of reduction In the tetrad-division was not observed. 

The sporophyte of Ricda thus described is the simplest sporophyte 
known among the Archego niatae. It has been habitually regarded as a 

’ Bot. Cffs., 1904, p, ijn 
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primitive type, though the suggestion has also been made tliat it may 
really be reduced ; but in view of the fact that the gametophyle in the 
Ricciaceae is a wdl-developed structure, amply capable of nourishing not 
only one but many such sporogonia^ there appears no imnaediate reason tn 
hold that this sporopbyte is other than primitive in its simplicity. The 
points of special interest in it for the purposes of comparison with tiie 
more complex Archegoniatae are these : tbiit it shows no distinction of 
apex and base : that the whole central mass of cells is fertile, each cell 
producing. Spores, while i:one are diverted to purposes of nutrition or uf 
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dispersal : and that the superficial cells forming the wall are segmented olT 
by periclina! walls of relatively late origin, indicating some relatively 
recent differentiation of them from the cells which He within. 

A reasonable theory of the phyletic origin of a simple sporogoniumt 
such as that of /^/trda founded on these facts, would then be, that It 
sprang from the simple zygote, as in point of fact all normal sporophytes 
do. The simplest possible case of a sporopbyte would be that the 
chromosome reduction which follows on fertilisation should take place on 
the first segmentation of the zygote, and in certain Algae this appears 
actually to occur {Chapter V.). But in the sporogontum of tite 

reduction which accompanies tetraddmslon is held over till a linnted 
number of segmentations of the zygote have been completed : this suggests 
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that the event of reduction was deferred in the conrse of its descent. The 
cel h mass thus produced in J^kcia. is at first homogeneous, as was probably 
the case definitively in certain of its ancestryn Differentiation comes 
later in the sporogonium of I^kda, as it probably did also in the race: 
in place of every cdl being equally liable to the tetrad-divisionj this is 
carried out only by those which lie mternally: those forming the 
superficial wall arc sterile, ar'id form only somatic tissue. There is ample 
evidence of such sterilisation of fertile cells occurring elsewhere, both in 
plants related to Riaht and in other phyla (Chapter VII. ^ so that no 
{7 /^riori objection can be taken to its place in the theory : there is, 
however, no direct proof that this was actually the casOn The remaining 
cells whiclr lie centrally then all undergo the tetrad-division, which on 
the above theory was the primitive condition for all the cells of the 
sporophyte^J 

Till recently it was thought that the fruit-body of C&k&diasie supplied 
a prototype of an undifferentiated mass of cells, all fertile, such as this 
tlieory contemplates; but it has now been shown that in Coko^hatte 
reduction occurs at the first segmentation of the zygote, and accordingly 
the old comparison is no longer permissible. There is, however, a growing 
body of evidence* from several distinct phyla of Thallophytes, that the 
event of chromosome-reduction consequent on sexuality may be deferred 
in the individual life : that a sterile, or vegetative phase of the nature 
of a sporophyte, varying in structure and in mode of origin, but similar 
in being partly somatic, partly fertile, may be thus intercalated between 
the two events. The Florideae, the Ascomycetous Fungi, and the Uredineae 
provide examples of such intercalation of a sporophytic phase : these point 
an analogy in this respect with the simplest Archegoniatae, though along 
phyletic lines almost certainly apart from the latter (Chapter V,), Thus 
the view now stated of the phyletic origin of the simple sporogonium of 
Rkda by continued segmentation of the zygote, and deferred tetrad-division, 
with sterilisation of the superficial cells, is in the main hypothetical, ]t 
is true ; but it has a reasonable basis, partly on the facts of the individual 
development, partly on analogy. In the absence of still simpler sporo- 
phytes affording comparisons within the series of the Archegoniatae 
themselves, this analogy, together with the facts of the individual develop- 
ment in Rkda itself, make the view thus stated appear more probable 
than any alternative hitherto proposed. 

Rkda being the simplest type of sporogonium in the Archegoniatae, 
the basis of the antithetic theory has been fully stated, as applied to the 
facts of its development. The same theory may be extended from it to 
other forms also, in which the sporophyte, though more complicated, 
arises from the zygote by similar though more extended segmentation. 
Steps in advance are illustrated in other Marchantiales, which will now 

be described. i / ^ 

The sporogonium of the Marchantiaceae, ofw^hfeh FsgaUlhi {Cmocep^ai^} 
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may be taken as a fair exan^ple (I'lg. 121)1, is more complex than that 
of the Rkciaceae in having polarity of structure, and differentiation of 
the internal mass of sporogenous cells. Both these characteristics suggest 
further steps in sterilisation of potentially fertile cells. The polarity is 
marked in the more or less oblong external form, but more definitely 
by the fact that the basal tissue is sterile, and develops as the foot 
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which supports the fertile capsule (Fig. 121, vii.). It is stated that the 
whole hypobasal half of the zygote is thus sterile, though this limitation 
may not apply for all cases. This state as compared with that of 
might be expressed as a consequence of sterilisation of the whole product 
of the hypobasal half of the zygote; but it is still a matter for deljate 
whether the Ricciaceae really represent the progenitors of the Mar- 
chanttaceae. The presence of this polarity may be held as a biological 
concomitant of the position of these larger sporogonia relatively to the 
thallus which bears them : the spherical form of is suitable to its 
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habits surrounded as it is up to fuh maturity by the tissues of the parent 
t hah us. But the larges sporogonia of the Marchantiaceae project at 
maturity from their envelopes, and even during development their relation 
to the parent t ha 11 us is not uniform all round, their nutrition emanating 
mainly from base of the arcliegoiiium : a certain degree of polarity, 
expressed in the formation of a sterile foot for nutritive and mechanical 
purposes, is thus intelligible. 
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But much more interest attaches to the internal differentiation of the 
capsule. The wall is initiated at a relatively early stage, and remains a 
single layer, excepting at the extreme apex : the mass of tissue which lies 
within, corresponding as it does in position to the sporogenous cells o 
Rkda^ is composed of cells all alike in origin, and it is often designat 
the archesporium (Fig^ 121 iv,). But they do not all develop as spo^ 
mother cells: some become elongated, and form the well-known sten e 
elaters (Fig. lai v. ^i) i others, undergoing more numerous divisions, 
remain fertile, and divide into spore^tetrads : a later stage of this difler- 
entiatiou is well illustrated in Fig. 122 for MonoiUa^ a genus o ou u 
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aRinity with the Marchamiaceae^ though showing a similar relation of 
spore moiher'Cells and cistern. Since the whole mass is uniform in origin, 
and since the similar mass in /^iaia is wholly fertile, it is the natural 
conclusion that certain of the potentially fertile cells have been sterilised 
to form the elaters : or* in other wordst remain as somatic cells without 
undergoing chromoson^ e-red net i on ^ The final function of the elaters is to 
assist mechanically in the dispersal of the mature spores ; but it is possible 
that in such a plant as they may in some 


degree assist m the early nutrition of 
the cells which remain fertile. This 
seems almost certainly to be the case 
in Corsinia, and also in those genera 
of more doubtful affinity, viz. Sphaero- 
carpus^ Geofhalhis^ and Rkiia^ where 
the sterile cells are not mechanically 
strengthened by spiral or annular 
thickenings of their walls: they are 
here recognised as ** nutritive cells,” 
and they undoubtedly aid in the supply 
of nourislimeiUj and perhaps also In 
dispersal of the spores by swelling 
of their mucilaginous remains. 'ITe 
obvious importance of these nutritive 
cells, as well as of the elaiers^ is 
further evidence of the probability that 
a progressive sterilisation^ or conversion 
of reproductive into somatic cells, has 
occurred. 

In the M archant iaceae there is 
regularly present at the distal end of 
the Capsule a small mass of tissue 
within the one-layered wall, whicli 
remains sterile, and comes away at 
dehiscence as a cap, or lid. This also 
its' development has been clearly shown 
illustrates the apex of a sporogonium, 3 
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state it is plain that certain cells of the archesporium are told off as 
, sterile from the firstn 

From these notes it appears that in the Mai chant iaceae, as compared 
with the Ricciaceae, the evidence is strong for the conclusion that the 
sporogenous tissue is liable to be reduced at various points by diverting 
cells, or groups of cells, from their original function as fertile cells : the 
somatic functions which they then perform have obvious uses, and this 
gives biological probability to the conclusion. 
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E. The Jungermanhialks. 

The same piiiidple is illustrated also in the Jungermamiiaks, but with 
clifFetences of detaiU Im these the first segincntation of the siygote 
separates a hypobasal cell, ivliich in some cases develops as a multicellular 
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haustorium {Fmiiama)^ but more frequently remains as a minute appendage 
at the base of the fruit, while the epibasal cell gives rise to the capsulCj 
stalk, and foot. So far as a comparison on the basis of the segmentation 
of the /ygPte is valid, this would indicate in the Jungermanniales a still 

further delegation of function from the 
hypobasal to the epibasal half of the 
embryo. 

The epibasal half of the xygote under- 
goes segmentation, so that a number of 
transverse discs are formed, each composed 
of four cells, while the terminal tier is 
composed of four octants of a hemisphere 
(Fig. 1^4)- The segmentation is often 
very regular, but exceptions exist.* The 
uppermost tier of cells appears to be cut 
off by the first transverse wall in the 
epibasal half of the zygote, and in many 
of the Anakrogynous Jungermanniaceae 
the whole of the capsule is derived from 
these cells : subsequent intercalary divisions in the lower half of the 
epibasal cell gave rise to the sterile seta. But, on the other hand, in maiiy 
of the Akrogyiious Jungermanniaceae — for instance, in Radaia — it is shown 
by Leitgeb^ that some of the lower tiers of cells also take part in the 
formation of the capsule ; in E&du£a the number of these appears to be 
three (Fig* 125)- Thus there is in such cases no general distinction, on 

^ See Carnpbetl^s Figs- of F&rtlh; Afeisfs uftd RtrtiSy S5' 
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tKe basis of the first sce; nictitations, of the capsule from the seta. So far 
as segmentations offer a basis for argument, the general conclusion may 
be drawn that the seta and capsule are not always distinct nlf I’he 

developmental facts suggest that the fertile region may be held to be a 
residuum left by sterilisatEon^ which has been basifugally progressive : the 
result of such sterilisation is the region of the seta as it is seen in these 
plants. We may regard as the most priini' 
tive case that in wdiich all the tiers of cells 
of the embryo form the archespoHum : 
those cases in which the differentiation 
of the archespoi ium is deferred in the 
individual life nray be held to be relatively 
less primitive. 

The four cells of the uppermost tier, 
w^hich thus as a rule form the capsule 
in the J ungerm an males, divide first 
transversely to form four terminal cover- 
cells t the four larger cells below again 
segment to form four inner cells and 
eight to twelve peripheral cells. This 
is the same segmentation as occurs also 
in the lower tiers; the similarity is in 
accordance with the view’ above expressed 
as to the origin of the seta by basifugal 
sterilisation, and supports the conclusion 
that seta and capsule had a common 
origin. 

However interesting such questions 
may he^ they are more or less speculative 
A much greater interest, proportional to 
the greater cogency of the facts, attaches 
to the various modes of development of 
the capsule itself in the Jungermanniales. 

It has been seen that the inner cells 
above described constitute the arche- 
sporium^ In many of the Akrogynous 
Jungermanniaceae the cells, after repeated divisions, undergo a differen- 
tiation as in the Alarchantaaceae, into spore-moth er-celU and sterile elate rs : 
these are associated in various ways, and the case of F&reiia will serve 
as an average example (Fig. 126^ I'he argument from differentiation of 
sterile and fertile cells during development applies equally here as in the 
M.archantiaceae. fhe same is the case with many of the Anakrogynae j 
but in some of the latter there is a more specialised i issue-differential ion 
leading to the formation of a coherent mass of sterile tissue, with a more 
defimtely localised residuum of fertile tissue; this sterile mass has been 
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styled an ehierophorc. It if> illustrated in the cases of Mctzgsrm and 
Am^fiya (Fi-. 137), and also in Fv/ha (Fig. 12S). In the former the 
elaterophore is attached internally at the distal end of the capsule, in the 
Utter at its base. In Am'um the capsule-wall consists of two layers of 
cells, while the archesporiutn lies within^ The differentiation of this body 
is initiated early t in so youiig a sporogonium as that of Fig* 129 A 
there is a distinction already marked by the protoplasmic contents between 
a central group of more transparent cells and a peripheral band with 
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denser protoplasm. The former constitutes only a central part of the 
elaterophore : it is clearly shown at a later stage that the differentiation 
has e^ctended (Fig, (29 b), and that some of the inner products of the 
darker band shown in Fig, a are also developing as sterile cells, while 
it is only the fertile outer fringe which is the final residuum after these 
progressive steps of sterilisation* This point comes out even more clearly 
in a transverse section (Fig* 129 c), where the central group of cells 
first differentiated are readily distinguished from those differentiated later. 
There can be little doubt, after comparison with other Jungermanniaceae, 
that the history of the individual development in this case gives a correct 
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clue to the steps of evoUition of the elateropboie : that it arose by pEiTtial 
sterilisation of the archesporiuin, with the consequence that the fertile 
zont is relegated to the exterior. The development in is essentially 

the same, but the attachment of the elaterophore is to the base of the 
capsular cavity. It is worthy of note that these modifications occur in 
the Anakrogynous J ungerm a nniaceae, which, as we liave already seerij are 
more advanced than the Akrogynous as regards the differentiation of the 
seta and capsule. 
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It thus appears that in the Jungermanniaies partial sterilisation of the 
sporogenous tissue has occurred analogous to that in the Marchantiales ; 
but in addition there is reason to believe that the elongated seta has 
here originated also by relegation of the spore-producing function from 
the lower segments to the upper, or even to that tier of them which is 
apical. 


C. ThEt AnTHOCEKOI jVLKS. 

The Anthoce rot ales stand dearly apart in the mature characters of the 
spotogonium. Its large si/.e and early freedom from the calyptra^ the 
continued intercalary growth, and the specialisation for self-nourishment 
are external characters which dissociate the family from other Liverworts i 
while Internally, the presence of a columella, at least in the larger forms, 
and the origin of the archesporium from the outer cells of the young 
capsule, also point in the same direction. There arc, however, differences 
of detail within the family, which indicate with some degree of probability 
a line of derivation from a Jungermanniaceous type, the nearest a[iproacti 
being in the genus Nohthylas. 
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The development of tlie sporo^^oiiiuni hag been carefully studied in 
Ai^ihoiero^ by Campbell.* The early segmentations result in three tiers 
composed of four cells each (Mg, 130 a): of these the lowest is derived 
from the hjpobasal half of the zygote, and it forms the main part, if 
not indeed the whole of tile foot. The highest tic]' giv'es rise to the 
primary capsule, while from the intermediate zone derived from the 
second tier the tneristematic |>art of the older sporogonium is formed 
(fig. 130 h:), rhe highest tier of four cells segments further to form 
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a central group of four, and a peripheral series (Fig. 130 Cj i>)- f^oni 
the former the sterile columella originates, although in all other Liverworts 
the corresponding cells give rise to the archesporinm. This^ however, 
is primarily formed in Aniimeros from the inner cells resulting from 
periclinal division of the peripheral cells of the highest tier, and its 
form is that of a dome completely covering the rounded apex of the 
columella (Fig. 130 e). The columella thus initiated in Anth^£€r<fS 
develops entirely as sterile tissue. The layer of cells immediately outside 
it, recognised a& the archesporium by their denser protoplasm* differentiates 

* Mosses and p. 134. 


A N T H OCKROTA LKS 269 

later* in ihc well-known into elaters and ?i|)f>re-moi her cells shouirif^ 

thus a IKvrtial iiierilisation (Fig. 131 a). Subsctiiiently the intcrcabiv 
activity beginsi in the middle zone, and it adds by basipetal inercmLnls 
respectively to the columella* the archesporial layer* and the capsular wall 
Such intercalary development may be held to have been of secondary 
origin from the region corresponding to tire seta of oil’icr forms* and tlu: 
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primary condition of the sporogonium will thus be a more satisfactory 
, basis for companson with other Liverw'oris than ii.s mature state. 

It might he dilificult, in the absence of intermediate forms, to bring 
this peculiar s[jorogonium of Antheceros into relation at all with those of 
other Liverworts. But within the AiuhocerfJtaks there is the genus 
N&ioihylas^ w^hich bears sporogonia of small size* and of Ittniied inter* 
calary growth, whereas in the other genera the large sjiorogonia appear 
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to have the intercalary activity unlimited. Moreover, In these smaU 
sporogonia, though a sterile columella is often present, sometimes Its 
place IS taken by fertile tissue ;.and the difference may be seen In sporo- 
gonia of the same species. The details of this were long ago described 
y r,eugeb,^ but doubts have since been raised regarding his conclusions by 
investigators who, working chiefly with other species, did not obtain the 
same results- Recently, however, Lang lias rnade observations which go 
far to explain the discrepancies ; and though they do not exactly coincide 
with I.eitgeb’s account as regards the development of NotQihyiat, they show 
that, as regards the fertility of the columella, he was substantially correct.^ 

It appears that the embryonic structure of the sporogonium of 
Aotoihyias is essentially like that of In respect of the relations 

at its base of columella, archesporium, and capsule-walL In those cases 
where the columella Is present in the mature state, the spore-mother celh 
originate only from the archesporium. But in other cases where a definite 
columella is not present in the mature state, any cell of the tract laid 
down structurally as columella may become a spore mother-cell. Many 
do so, and thus, as Leitgeb described, the place of the sterile columella 
may be taken by a spongy mass of sterile tissue, in the meshes of which 
the spores arc included. In addition to this, however, fertile cells and 
elaters are also produced from the archesporium, which lies, as in 
outside the columella (Figs, 13 1 a-f). ^!’wo interpretations 

of this state are possible : either that the columella-less forms are primitive, 
and their partl}^ fertile condition intermediate towards the establishment 
of a completely sterile columella: or that the forms with a columella are 
primitive, and the columella-less forms a reversion, some of its celts 
resuming fertility which had previously been lost. Dr. Lang is inclined 
to consider the columelladess forms as reduced : but whether reduced or 
not the facts throw considerable light upon the relation of the columella- 
less to tire columelloid forms ; they increase the justification for considering 
the central group of cells, which in all other Anthocerotaceae is wholly 
devoted to the forrimtion of a sterile columella* as the original sporogenous 
tissue, and the amphithecial archesporium as of secondary origin. The 
duty of producing spores would seem to have been transferred from the 
central to the superficial set of cells. , It is thus possible to bring the 
apparently divergent sporogonium of the Anthocerotales into relation to 
that of the simpler and probably more primitive Jungermanniales. The 
causes of the change of the products of the endotheclum from the fertile 
to the sterile condition must be looked for in influences acting on the 
primary' meristematic tissue of the embryo, or on the intercalary jeone of ^ 
secondary meristem. Dr. Lang holds ^ that the idea of grouping of elaters 
in a central position to form the columella Is not in this case in accordance 

^ Vh, p, 39, 

^Moitier, Btfi* Cas;., 18941 Campbell, Mssses mtd Ftrm^ Edn. ii, pp. J 5 ^'^ 55 - 

^ Lang, Ami. 0/ v'ol. ssi. , p. aoi, etc. ■'Z.f., p- aoS. 
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the facts. These suggest rather the influence of mitritive factors 
acting on the young embryo while still! enclosed in the tissue of the 
gametophyte. 

The characters of progress achieved by the more complex Atnlio- 
cerotales, in advance of the Jungeirmaniniales, appear accordingly to be 
these: (i) a continued intercalary growth at the base, originating from 
the seta, and giving an unlimited sequence of spore-production; (i) 
provision for the nourishment and ultimate dispersal of the spores by 
means of the columella ; (3) relegation of spore-development to a more 
superficial source, as the sterilisation at the centre becomes established ; 
and (4) devetopment of an assimilatory apparatus for self-nourishment 
from the tissues of the Capsular ivalL All these advances are readily 
intelligible on biological grounds, and are due either directly to steri- 
lisation of fertile cells, or to secondary modiricaiions in tissues already 
sterile in the simpler types. Fhe theory of progressive sterilisation has 
already been traced in its application to the sporogonia of other 
Liverworts, as elucidating the origin of the protective capsular ’ivall, 
the seta, the elaters* and elaterophores. It is now seen that the origin 
of the sporogonium of the Anthocerotales* though the most advanced of 
all the Hepaticae, falls naturally within the lines of a theory of progressive 
sterilisation, which starts from relatively simple post-sexual cell divisions. 



CHAPTER XXI J. 


n, ^[Usc:I. 

T he Mosses for the most part show greater uniformity of plan in their 
sporogonia, and give less indication of the ^teps of their evolution than 
do the Liverworts. It is a (Question open for discussion what, if any, 
are the genetic relations of these two classes. Whatever view may be 
held on this point, there are certainly strong features of similarity between 
their sporogonia. ’Without necessarily accepting these resemblances as 
indications of near genetic affinity, they must at least be held to point 
a strong analogy between the two series; so strong indeed that it will 
go far to justify an application of a theory of sterilisation in the Musci, 
even where the gradual steps of the process are less clearly indicated 
than ^hey are in the LivervvortSn 

The Musci include the Sphagnales, the Andreaeales, and the Bryales: 
these are sufficiently distinct in their sporophyte-structure to require 
separate description ; and the Sphagnales will be taken first, as showing 
the clearest analogies with the Hepatic s. 


A. Sthaonales. 

Notwithstanding the strong divergence of their gameiophytes, both m 
form and in structure, the sporogonia of the Sphagnales and Anthocerotales 
show marked similarity, both in form and in development. Alone among 
the Mosses the embryo of Sphagnmn segments by successive transverse 
walls, like a Liverwort; there is no continued apical growth, the further 
enlargement after the first segmentations being intercalary in the segments 
already laid down (Fig, 13= > 0 1 of these only the upper three or four 
go to form the capsule; the rest form the short seta, and the foot. In 
the upper region each segment divides into quarters, which again divide 
so as to form in each transverse section a central group of four (endothecjum), 
and a peripheral series (amphitheclum) (Fig. 133 c, o, e). The former 
give rise to the columella alone, which is in Sphaptufft a bulky mass 
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of tissue with rounded ajjex (Kig, 133 r, h), The peripheral series of 
cells, or amphlthecium, divides peridtnally to give olT internally the single 
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layer of the archesporium ; this appears as a continuous dome closely 
investing the columella. The external product of the amphithectum forms 
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the inany-ltiyered capsular wall (Fig. 132 f, <5, h). The dome-shaped 
arcliesporial layer divides later into four layers t and every cell undergoes 
the tetrad-division to form spores. At maturity dehiscence takes place 
by a transverse rupture, setting free a circular operculum. The foot is 
considerably enlarged as an haustorium, which is marked off at maturity 
by the narrow neck of the short seta : and the whole is borne upwards 
on a more or less elongated pseudopodium developed by the parent 
gametophytc (Fig. 132 h). 

In the facts thus briefly sketched there is no obvious evidence of 
sterilisation : it is only when the peculiarly close analogies with the 
Anthoceroteae are traced that any relation to the theory emerges. The 
points of similarity with the typical Anthoccrotales are seen in the form 
of the sporogonium, in its absence of apical growth, and in the manner of 
its primary segmentation : also in the origin of the columella from the 
whole of the central group of cells, and of the completely dome-shaped 
archesporium from the primary capsular wall outside it. It differs, how- 
ever, in the mode of dehiscence, and in the fact that elaters are absent, 
while the columella is not mechanically functional ; it serves no purpose 
beyond the nutrition of the considerable mass of spores. But as methods 
of dehiscence, and of distribution of spores not unfrequently vary within 
near circles of affinity, this discrepancy does not seem of prime import- 
ance. Lastly, however, there is, as a point of difference from Anlhoceroti 
the absence of any functional assimiiatory system in the sporogonium of 
Sphapiuyti^ though it is so well developed in Anth^ur^t. But, as Haberlandt 
has shown, ^ functionless stomata, without pores and without intercellular 
spaces below' them, are present in large numbers on the capsules of 
Sphagnum*, from this he concludes "that it is certain not only that the 
ancestors of the present Bog- Mosses had normal functional stomata on 
their capsules, but also that the capsules of these ancestors possessed a 
relatively well developed assimilatory system as well” All these con- 
siderations taken together point /o a close analogy (if nothing more) 
between the two types. 

On the other hand, Sphagnum has ahvays been ranked as a Moss on 
such grounds as habit, absence of elaters, and structure of the archegonium : 
but it differs from all other Mosses in the transverse segmentation of 
the embryo, and in the absence of an apical cell : also (excepting Andreaea) 
in the complete dome-shape of the archesporium, and m its origin from 
the amphitheciiim ; these all being features of correspondence wit 
Anfhaara^. Such equivocal comparisons, with Liverworts on the one 
hand, and with Mosses on the other, give Sphagnum itself a specia 
interest : at the same time they serve to link together the two large groups 
of Bryophytes, and point to the propriety of regarding their sporogonta 
equally from the point of view of a theory of sterilisation. The co umcUa 
would thus be held in both cases to be a consequence of stenhsatio 

^ Jnhrh.j xvii., p, 474- 
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progressive from within, which h*is 
extended in as in j^nf/waTt^s, 

to the w'hole product of the endothecium, 
W'hile in both the archesporium uikes its 
origin wholly from the amphithecium. A 
key to this difference of frou^ 

all other Mosses may be found in Abfit- 
thylas^ in which the sporogenous cells 
may arise from both sources, the centri- 
fugal progress of sterilisation being less 
completely carried out there than in 
Afitho€er&s, In both cases the difference 
appears referable to the degree of centri- 
fugal sterilisation in a body in which the 
spore-production w^as originally central 
Thus the condition of Sph^gfmm is in 
this respect the most advanced in the 
Mosses, as that of is among 

the Liverworts, As regards decent rail 
sation of the fertile tissue the rest of the 
Mosses will be seen to correspond to 
the less extreme types of the Hepattes, 
while the col umel lawless sporogonia of 
Noioihyiiu link together the two degrees 
of decentralisation. 

B. Andreakales. 

The mature sporogonium of Andrtft^a 
offers analogies with that of Sph^gm^m 
in its form, with its short seta and large 
foot, the whole being borne up on an 
elongated pseudopodium ; it also corre- 
sponds in the fact that the columella is 
interrupted at the apex, and covered by 
the archesporium which forms a complete 
dome (Fig, 133) ^ but it differs in the 



dehiscence when mature by longitudinal 
slits. 

The segmentation of the zygote corre- 
spends to that of other Mosses rather 
than to that of the Hepatics, for after 
the appearance of the transverse basal 
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wall, the eleav^es are oblique, a two-sided initial cell being present (Fig. 
134 a-o); but the number of such segmentations is limited to about a dozen. 
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These undergo further sub divisions to constitute an endoihecium of four cells, 
and a many-celled amphitheciuin (Fig. 134 c)^ The hypobasa .1 half, which 
has meanwhile undergone irregular divisions, together with the two lowest 
segments of the epi basal region remains sterile, and constitutes the short 
seta and enlarged foot. Three or four only of the upper segments are 
fertile, while the rest go to form the sterile apex of the capsule (Fig. 134 e). 
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The archesporium is here, as in all other Mosses, derived from the endo- 
thelium : the peripheral cells which result from the segmentation of the 
endoihecium, become densely granular, and give rise to spore mother-cells, 
the internal cells form the columella (Fig, 134 e, j, k). It is not stated 
by Waldner how the archesporial dome is completed at its apex : probably 
it is by certain cells of the inner product of the endothecium, forming 
spore-moth er-cells, in place of sterile cells of the columella. In this there 
would be no theoretical difficulty, for on the present theory all cells derived 
from the endothecium were at first potentially fertile cells; moreover, as 
bearing indirectly on this point, the internal limit between the archesponum 
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and the columella is in Andrmm a very 
irregular one (Fig* 135). Farther, in Ankidium, 
which some ivritets put in close relation to 
Andnasa^ atiy cell derived from the endo- 
thecium may apparently become a spore* 
mother*cell. 

Il is thus seen that though Stphapium and 
Aiidnaea have certain apparent characters of 
the sporogonlum in common, their segmen- 
tation is essentially different, and the dome- 
shaped archesporium is produced in different 
ways in the two* It remains doubtful there- 
fore how far the similarities indicate a real 
affinity. In any case the relation of the 
Andreaeales to the simpler Bryales is much 
nearer than to the Sphagnales, and it is in 
this direction that comparison of the spoto- 
gonia will bring the more interesting con- 
clusions concerning them. 

C Bryales. 

These include the vast majority of Mosses. 
In their sporophyte generation there is uni- 
formity of the general scheme, though 
considerable fluctuation in size, as well as 
in minor detail. Some of the smallest forms, 
which show irregular opening of the capsule 
on maturity, are classed as the Cleisiocarpae j 
the more elaborate forms, which dehisce 
transversely, setting free an operculum, are 
designated the Stegocarpae. The latter, as 
they represent the prevalent type in Mosses, 
will be taken first, while the Cleistocarpic 
forms being taken later, will then be better 
appreciated in their value for purposes of 
comparison. 

(ff) Ste^carpaf. 



The embryo of all these Mosses takes at 
^n early stage the form of a more or less ct^atsdon w. youns 
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Its development from the zygote is first by 

the appearance of a transverse basal wall, which is succeeded by oblique 
segmentations in the epibasal half: these appear alternately on opposite 
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sides* so as to cut off two rows of segments successively from the terminal, 
twO'Sided initial cell (Fig, 135 a and b). The apical growth is, however, 
not very long continued, and gives place later to intercalary activity. The 
bypobasal cell, as also sometitnes the lowermost segments, undergo less 
regular subdivisions, but the upper segments subdivide with greater 
regularity —though still with some differences of detail — in such a way 
that a definite result is arrived at, viz,, the formation of a central tract 
of tissue (endothecium), consisting of four rows of cells, and a peripheral 
series (amphithecium), consisting of more numerous cells, which soon 
divide both radially and peri cli rally to form a thick wall (Fig. 135 c). 
It is important^ from a theoretical point of view, to note that the endothe* 
cium thus established, though less definite in the lowest of the epibasal 
segments, eji tends upwards throughout the length of the capsule to its 
apex i it h not merely a local development in chat part which is ultimately 
to be the fertile region, but it is a continuous and definite column of 
tissue, occupying the centre of the spindle-shaped sporogonium. It may 
be a question what is the morphological importance of a tract thus defined 
by embryonic segmentation. In Chapter XIV. the relation of the leading 
anatomical regions of axis and root to the apical segmentation has been 
discussed, and it was seen that there is no obligatory correspondence 
between early segmentation and the definition of mature tissue -tracts : for 
it has been found that, in parts of such complicated outline as the leaf- 
bearing shoot, the correspondence between early segmentation and mature 
structure is not strictly maintained. But it is the fact that in parts of 
such simple outline as roots there is a definite correspondence of that 
nature, and this is particularly clear in certain Pteridophytes* The case 
of the simple spindle-shaped sporogonium of a Moss is comparable, in its 
form as well as In the early segmentation of its central tract, with such 
roots j and there seems good reason to regard the endothecium accordingly 
as being in fact a morphologically definite region throughout its length. 
The most important function of the endothecium is that it is the exclusive 
source of spore-formation ; but as a matter of fact, it is only a relatively 
small extent of it which carries this into effect, the rest remaining sterile, 
performs other duties. 

The archesporium originates from a restricted region of the endothecium 
some distance back from the apex of the sporogonium, and a very con- 
siderable distance from its base : the sterile region of the capsule at the 
distal end forms the calyptra and peristome : the much longer sterile 
region at the base forms the apophysis and the seta. These regions may 
vary in their proportion to the fertile region in different types of Mosses . 
a fair average is that seen in Fu^aria (Fig. 136 a). The origin of the 
archesporium is by periclinal division cutting off a single layer of cells 
from the periphery of the endothecium : this ultimately divides up into 
several layers of minute cubical cells, ail of which undergo the tetrad- 
division in the usual way, and produce spores. 
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Meanwhile, however, other changes supervene, and they are especially 
marked in the atnphithccium ; but all such dianges are nothing more than 
secondary modifications of the amphithecial tissue: there is no devebp' 
ment of new pans, however greatly the e?tternal appearance of the spore- 
goiiium may be affecied by their presence. Ihey may be considered in 





Ftc. 1^?, 


> Di?4;Tai1iiftaric l-onE[[uJi]iil seciiori tliroi 3 E]i rht p.r*tn cap^uk i?f 
^yri/ornit, 5. lonftUudiiul Throuph. the maiurt er«n caps-ule 

(if PniiAria y«?. 3 - PriJJile vkviJ of njaii>«: c.-ipsuk of iht dor^tvcocral 

CAPi^ult of iipfiylfa. 9. Mtdisn Jongiludinal ieciton of the same c^ipouk; 

cylinclric.il Eiir-spACc^ ai J l^e atomnCn- Xro- j^o- fraiiMverse section of tne torit 
Cnips^ik, iiliout tht middle:. Xq. (after H?^lj<rlariClC-)i 


succession from below upwards. The lower part of the sporogoniuin which 
forms the seta elongates more or less in different types : where well 
developed, as for instance in Funaria^ its structure shows a peripheral 
sclerotic band, which merges gradually into thinner- walled parenchymatous 
tissue : centrally lies a strand of thin -walled water-conducting tissue, 
without cell-contents when mature, surrounded by a thicker-walled sheath. 
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No accurate statements are to hand showing the genetic relation of the 
endothecium to this central tract, but it certainly gives rke to the greater 
part, if not ej:clusively to the whole, of tlie conducting strand. 

In the upper region assimilating tissue is usually developed in more 
or less close relation to the capsule itself, togetiier with numerous and 
often large intercellular air- spaces ► Tlvese developments are derived chlefiy 
from the amphilhecium, w^hile at the same time the sterile cells of the 
coluntella usually expand, as a tissue for ivater-siorage : this may also 
contain some chlorophyll, and occasionally forms air-spaces. The swolleti 
shape of the capsule is chiefly 
due to these changes, whicii are 
obviously secondary. Different 
types may be distinguished 
according as the assimilatory 
system is developed from the 
wall of the capsule itself, or 
partly here and partly in the 
apophysis below, or entirely in 
the region of the apophysis. 

For instatice, in Bartramia the 
assimilatory system is chiefly in 
the wall of the capsule, where 
it is ecjually developed all round. 

In Buxbrnwiia (Fig, 137, S, 9) the 
same is the case, except that 
the development is dors i ventral : 
the capsule early takes an oblique 
position, and the assimilatory 
tissue is developed more strongly 
on the better-lighted side. In 
other cases, however, the assimi- 
latory system extends some dis- 
tance below the actual capsule, 
constituting the swollen region of the ap^iphysis t this is of small size in 
P&iyirkhuin, and the assimilatory system is chiefly here also in the wall 
of the capsule, but It extends downwards to the small apophysis, while the 
numerous stomata lie in the narrow neck between these [jarts. In many 
Mosses, again, the apophysis itself becomes the chief seat of assimilation, 
as, for instance, in Fuftaria (Fig. 137, 5), and this leads to its enlargement: 
so much so that it becomes the most prominent feature in the whole 
sporogonium : thus in the Hplachnaceae it is commonly larger than the 
capsule which It is to nourish, and in B iuteum (Fig. [38) it appears as 
a wide umbrella-like expansion, which shows a structure not unlike a 
lear-laratna, with well-marked e[)idermis, spoirgy mesophyll, and stomata 
upon the upper surface. Still, with all the^e variants at or near to the 
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fertile region of ihe capsule, the origiiia.! formation is the same : it is 
based upon an amphithecium, capable as we see of variously extended 
development, and an endotbecium which ts less variable, though k may 
expand also to form a more bulky tissue for water^stotage : its most 
distinctive function, however, k to give rise to spores, while below it 
serves for conducting purposes. 

Above the fertile region the endothecium as a rule develops only cells 
similar to those of the columella below : the amphithecium, howeverj 
undergoes changes of induration of the walls, variously distributed, which 
result in the formation of the operculum, the annulus by which it is 
detached, and the peristome which is laid bare when the operculum falls 
away* The details of the peristome may vary considerably in different 
llosses, but in all cases it appears to lake its origin from the innermost 
layer of the amphithectum*^ The columella may in some cases co-operate 
with it mechanically in the function of spore-distribution, but neither the 
endothecium nor any of its products lake any share in the development of 
the peristome. 

It thus appears that the sporogonium of the stegocarpic Bryales is 
composed of two tissue- tracts, distinguished early from one another in 
segmentation, and divergent In their later development. The outer is 
always sterile, while the other is fertile only in part* The question arises 
as to the initial condition, and the origin of these regions. It may be in 
some degree elucidated by comparison of some of those smaller forms in 
which the sporophyte is of simpler construction : they have" in common 
the feature that the mechanism of dehiscence is absent, or imperfect, and 
on this account they have been grouped together as the Cleiatocarpae. 
It is clear at the outset that this condition may either have been 
primitive or the result of reduction : these alternatives must be kept in 
mind in any discussion of such forms^ even though no definite conclusion 
be arrived at. 

(if) 

Of the various genera grouped as the Cieistocarpae, Fkascum has been 
examined developmen tally by Kienilz-Gerloff : the primary segmentation is 
according to the type of the Bryales, with well-marked endothecium and 
amphithedum (Tig. 139)* From the periphery of the former the arche- 
sporium is derived in the usual way, while the formation of an air-space 
and spore-sac, and the enlargement of the cells of the columella, are all 
according to the usual type: stomata may also be present, but there k 
neither operculum nor peristome. Developmental ly there Is a near similarity 
to Andreaea, though on the ground of its peculiar dehiscence and domed 
archesporium this genus is usually kept apart. It has, however, been 
pointed out above that a very slight modification of the ordinary type of 
Ajidrea^a would produce the condition of the ardiesporium seen in 

iGoebelj Organography^ p. 3S3. 



BRYALES 



PhaStumx the sierilisation of the; whole of the up|jer producti of the 
endotheciuin at the narrow distal end of the fertile tract would interrupt 
the dome* and complete the columella^ just as it is seen in Phnsotm, 
There is no inherent im- 


probability in this> but 
rather the reverse : for it 
would be only introducing 
one further step in sterilh 
sation. On such j^rounds 
the relation of the Phasca^ 
ceae to the Andreaeaceae 
would appear to be a near 
one. 

Another simple Cleisto- 
carpic form which has not 
only been observed exter- 
nally* but also worked out 
developmentally, is Nmm 
miirmm kntrum. The 
small capsule has here a 
provision for dehiscence 
by the formation of a 
rudimentary annulus. The 
segmentation of the embryo 
begins on the plan of the 
Bryales (Fig. r^o* l), and 
there is as usual a differen- 
tiation of the endoihecium 
and amphichecium (Fig. 
140, II. 'The cells of the 
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latter, after further division, become differentiated into an exiguous central 
columella, surrounded by relatively numerous and somewhat irregularly 
arranged spore mother- cel Is (Fig. 140, jv.) : but as maturity approaches the 
columella disappears, its materials having served for nourishing the spores 
which fill the cavity of the capsule. 

The genus Eph^merum is closely related with diat of N&twmityium^ 
from which it differs in the absence of any definite operculum: the 
condition of the columella is the same* but w-hile it disappears at 
maturity in some species (Ak pupHio^mu), in others it may still be seen 
in the mature capsule {E. emssin^rvimn). The fact that stomata occur 
on the capsule-wall, though when ripe this is only a single layer in 
thickness, has its bearing on the question whether these simple Mosses 
are primitive or reduced forms, A systematic position is now assigned 
to them by many wnters apart from other Cleistocarpic forms, til close 
relation to the Funariaceae* 
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Another Cleistocarpic type, bnt again one of dovibtfiil affinityj is 
Arthidhtm^ in which the small sporogonium l^as been examined develop- 
meiitally by Leitgeb.^ d’he first stages agree with those of the Phascaeeaej 
but the tissue of the endolbecium shows no differentiation into archesporium 
and columella : certain few' cells of it, definite neither in number nor in 
position, become spore mot her- cells^ while the sterile cells in rvhlch they 
are embedded are absorbed as the spores become matured. This con- 
dition in An'huiium suggested to Leitgeb a comparison with that in certain 
Liverworts, for instance^ Ridia j but in view of the facts ascertained by 
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Langt the comparison with Nohthylai would seem more pertinent. 
Without suggesting even a remote relationship, these two forms both 
illustrate how individual cells, distributed without order in an otherwise 
sterile columella, are partially fertile j and they suggest that the whole of 
the columella was originally fertile. Of this in the Liverworts there is 
substantial comparative evidence, and this adds probability to the similar 

conclusion for the phylum of the Mosses. 

While it is thus seen that in normal Cleisiocarpic forms, which may 
be held to be either primitive or reduced, imernal cells of the endothecium 
may develop as spore- mothe^^:ells, a similar condition is also seen 
occasionally in Stegocarpic forms as an abnormality: cases have been 
described of the appearance of fertile cells among the normally steri e 

AM If'isr.t Wicr, 1S79. 
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cells of the columella*^ Such facts agEiin indicate a probability that 
the whole product of the endolhecium was fertile in more primitive 
forms. 


A general comparison of the sporogoiiia of Mosses (excluding the 
Sphagnaceae) thus leads to the conclusion that two distinct tissue- tracts 
are consistently produced in them by early segmentation, the endotheciiim 
and the amphilhecium. As these are differentiated early^ and with great 
constancy^ while they differ also in their products, they are to be accepted 
as morphologically distinct. The amphithecium is always sterile, and to its 
modifications the chief mechanical and assimSlatory tissues owe their 
origin ; the modifications may involve expansion of tissues^ but no initia- 
tion of new' parts. The endothecium, theoretically fertile in the first 
instance throughout its length and breadth, underwent progressive sterili- 
sation, parts of it being diverted to other uses ; a central tract became 
the sterile columelkt while the fertile region became abbreviated both 
at its upper and lower limits; and thus the actual archespoiium in 
typical Bryales is a mere truncated residuum, with its barrel-like form 
open at both ends : the structural indication that its origin was as thus 
suggested is seen in its apparently arbitrary limitations at either end 
(compare Figs. 135, 136, 139). 

This is w'ell illustrated in and wiiere there is a 

continued growth with an initial cell at the apex of the sporogonium ; 
the archesporium appears in longitudinal sections of young sporogonia as 
a definite row of cells on either side of the columella; but it is impossible 
at first to tell In those rows of cells where the exact limit of spore- 
development wilt be. Below the lower limit the cells of the row develop 
sterile, above it fertile; but in cither case the segmentations which define 
the celhrow are the same. Passing to the apex, the archesporial row is 
continued beyond the limit of fertility; [>assing downwards, the cell 
row may also be traced into the seta; structurally the possibility of 
further spore-product ion seems to be there, but arrested. In different 
types of Mosses the fertile xone thus limited is not ahvays located at 
the same level in the sporogonium as a whole; it is sometimes preceded 
by a shorter, sometimes by a longer, seta. By comparison of these 
different types, an idea is acquired of a residual and limited fertile zone, which 
has been liable to be shifted in the course of descent ; and such shifting 
IS iTiade possible by the continued apical growth si^en in the developing 
sporogonium. It as important to have a clear conceptioai of the fertile 
Jtone as a residuum thus movable in the course of descent; ilie vari- 
able balance thus established between sterile and fertile tissues is not 
only interesting in Its bearing on the study of sporogonia, but it will 
come into comparison later with similar features seen in certain strobiloid 


JU'ningn, ;. KmuUi. d, i!s47, IVlb, l-i;;:;, o' 0' 
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Pleridophytc,-!, in whkh the apical growth is longer continued, and the 
shirting of the Teirtile Kone consequently more obvious. 

The results of progressive sterilisation should not only be studied in 
their longitudinal aspect, but also in the transverse, as leading towards 
decentralisation of the fertile residuum, and establishment of a central 
sterile tract. There is reason to believe that the original type, both of 
Liverw^orts and Mosses, had a solid core of sporogenous cells. In the 
Liverworts a step toward decentralisation is seen In the partial elatero- 

phores of the Jungeiinanniaceact but it attains a greater completeness in 
the Anthoceroteae, where, excepting in Nbtothyiaiy the spore-produetion 
IS relegated even to the amphitheciuin. In S/^hagnum the same is the 
case, though there is no guide as to the evolutioitary steps which led to 
it. In the Kryalcs also decentralisation has been effective, but has not 
attained the length of relegating spore- production to the amphithecium. 

The biological significance of decentralisation is plain, as the presence 
of a central conducting column provides a means of better nutrition 
for the increasing mass of spores than where these constitute a solid 

core. In respect of the degree of decentralisation it may be said that 
the Anthoceroteae and Sphagnaceae are the most advanced of the 

Bryophyies; but alt Bryophytes stand far behind the Pteridophytes in 
this respect, for as w'e shall see, in all the Pteridophytes the spore- 
production is referable in origin, not lo deeply seated, but to superficial 
cells of the plant-body. 

The biological circumstances of dispersal of the ripe spores, as well 
as those of nutrition, have doubtless afifected the position of the 
archesporium in Archegoniate Plants. Where, as in the Bryophytes 
(excepting the Anthoceroteae), the spores are all produced simultaneously 
in one capsule, which collapses at their maturity, a superficial position of 
the archesporiutti is immaterial: indeed a relatively central position will be 
advantageous as simplifying the problem of nutrition. Dispersal of the 
ripe spores is then carried out by some drastic method of decay or of 
dehiscence of the protective wall, and the whole sporogonium ceases its 
functional activity with the liberation of the mature spores. The central 
tissues can be sacrificed with impunity where, as in the Bryophytes, the 
spore-production is simultaneous. But in Vascular Plants the spore- 
production is in one way or another successive, and the succession, 
acropetal as a rule, brings with it the great biological advantage of 
spreading the physiological drain for nutrition over a longer period. lu 
this case the central tissue cannot be sacrificed, but must be maintained 
as a nutritive core, in the interest of the later-formed spores of the 
acropetal succession. A more superficial position of the archesponum 
thus becomes necessary, while the projection of the separate sporangia 
beyond the surface which bears them will increase the facility for 
scattering the spores when maturen Thus the difference between the 
deep-seated position of the archesporium of the Bryophytes, and its 
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superficial position in the Fteridophytes is intelligible on biologiciil 
grounds : it is closely related to the simultaneous development of tlie 
spores in liryophyteSj as against the successive spf>re pro due lion in tlie 
Pteridoph3'^tes. Still in the former some degree of decentralisation, as we 
have seen^ brings advantages of nutrition, and its structural expression 
is the sterile columella; but decentralisation does not become a peremptory 
condition of success of the Bryophyie-type, as it appears to have been in 
the Pteridophyles^ There is thus a biological reason for the nearer 
relation which all Bryophytes show to that condition which comparison 
indicates as primitive, where the fertile tissue is deeply seated, or even 
occupies a central position in the simpler types. Such considerations lenfi 
a biological probability to the theory of progressive sterilisation applied in 
the above pages to the sporogonia of the Bryophyia. 

Reviewing tl^e Musd as a whole, the evidence of progressive sterilisation 
in them is less cogent than it is in the Hepaticae, They probably represent 
a more or less distinct phyledc sequence from the latter ; but still analogies 
may be drawm between the two ; such analogies strengthen the weaker 
evidence in the Musci ; and, as there appear to be no facts which preclude 
such a view, while many give a reasonable measure of sup|>ort, it may be 
held that progressive sterilisation has been effective here in essentially the 
same way as it is more clearly demonstrated in the Hepaticae, 



CHAPTER XXI IL 

INTRODUCTORY REMARKS ON PTERIDOPH YTA. 

In the comparative sketch of the sporophyie in the Bryophyta Vrhich has 
been ^iveji in the preceding chapters, it has been seen that for these plants 
a theory of sterilisation of potentially fertile cells accords well with the 
developmental facts. Numerous cases have been seen of cells^ similar in 
origin to the spotogenous cells, being diverted to other uses than that 
of propagation : tl’kcse form somatic tissue : there is indeed good reason to 
think that most, if not even the whole, of the somatic tissue of the 
sporogonium originated in this way, This is no new conception : it is a very 
natural corollary on the fundamental conclusions of Hofmeistcr : it was 
first clearly stated in the writings of Leitgeb on Liverworts, and was 

extended by hint also to the Mosses : ii was adopted by Goebel in his 
w'ork on the Muscineao in Schenk^s Handbuch^ and it is now more 
definitely formulated in his Qr^ampaphy^ Eng. edn^t voK ti.j pp. 

It may be held as the generally accepted hypothesis underlying any 

comparative study of the sporogonia of the Bryophytes at the present 

time. 

But the hypothesis of sterilisation has not been extended with the 

same readiness to other Archegoniate forms ► In treating the Pterido- 
pbytes, notwithstanding that they have an essentially similar life-cycle, 
there is rarely any reference in the current literature to the effect which 
progressive sterilisation may have had in their evolution. A certain 
excuse for this want of consistency may be found in the fact that in the 
Pteridophytes the proportion of somatic to propagative tissue is very large: 
any hypothesis of sterilisation must therefore recognise the process as 
having extended much further in them than in the Bryophytes. 'I he form 
of the sporophyte also is much more complicated than in the Bryophytes: 
consequently the difficulties of application of a theory of sterilisation to 
the Pteridophytes are much greater, and the results less secure. This is 
certainly true, but it does not appear to be a sufficient reason for a plain 
departure from a theoretical position which has illuminated the comparative 
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study of the Bryophytes, Nor, on the other liand, does it justify tl^e 
initial assumption tltat the origin of the sporophyte in Vascular Plants 
differed essentially from that in the Bryophyies. Accordingly, the theor)^ 
of progressive sterilisation will here be applied to tj^e study of the 
Pteridophytes also* along lines parallel to those observed for the Bryo- 
phytes. It is not to be expected that the facts will amount to a complete 
demonstration i the present object will be to see hoiv far they accord with 
a theory which has its more obvious application in the simpler series of 
Archegoniate Plants. 

The most important evidence will naturally be obtained from the study 
of the spore-producing members themselves; and these will be described 
in detail in the several types of Pteridophytes. But facts of value bearing 
indirectly on the general hypothesis, are also to be derived from the form 
and structure of the vegetative parts, as well as from their orisin and 
early development. In fact, the whole sporophyte is to be studied in 

relation to the question of its origin, just as much in the more complex 

as in the simpler Archegoniate forms. One guiding line must constantly 
be maintained, and it is this : that hovvever late in the individual life the 
production of spores may appear, still spore production was on our general 
hypothesis tlie first office of the sporophyte. By various means the vege- 
tative phase may have attained a large size, and great complexity of 

structure: but however preponderant it may appear, still we should be 

prepared to regard it theoretically as secondary, that is, as a phase 
intercalated between the events of nuclear fusion in the zygote and 
reduction In the spore- mot her- cell. 

It will be well to observe some regular order in the discussion of 
the large area of fact involved. The several groups of the Pteridophytes 
will accordingly be taken in succession, starting from those with relatively 
small appendages and strobiloid habit, and proceeding to those with 
appendages of larger size. The fossil representatives will be included in 
the discussion, together with the living forms. In each group a pre- 
liminary section wdll deal with the external characters of the mature 
organism, with special reference to the balance of the vegetative and 
reproductive regions. It will be followed by a detailed examination of 
the spore producing members, and lastly, certain facts of anatomy and 
of embryology will be considered in their bearings on the general ques- 
tion. The characters of the gametophyie will only be referred to 
incidentally, so far as they affect the biological circumstances of the 
young sporophyte. 

If then the Pleridophyta be arranged according to the complexity of 
t e appendages, and especially of their spore-producing parts, the Ly<opodiaks 
wilt come first, since in them each isolated sporangium is attached in the 
median plane to its subtending sporopUylL 

A second series is characterised by having one or more sporaneia 
borne on a vascular pedicel : when the number is more than one they 
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aie disposed in radiate fashion around its distal end, winch is usually 
enlarged. The whole structure, which is called a “ sporangiophore,” may 
be inserted directly on the axisj as in the Equmiak%^ or upon the appen- 
dages of the axis, as in the Sphenophyliaks (including the PsilotaCeae)^ In 
the latter case the position is, as a rule, in the median plane of the 
subtending leaf ; but in cases where the sporangiophore is more elaborate 
and shows indications of branching the position may be less obvious. 
Extreme elaboration of the sporangiophore, sometimes including its branch- 
ing, is seen in the series of the Ophiogio$sak%^ which appear as the most 
advanced examples of this pedicellate or Spor&n^ophoric Typi. 

In a third series, the FiUcaks^ the sporangia are usually grouped in 
"sori," which have features in common w-ith the sporangiophores, but they 
differ from the sporangiophoric types in that the sori are distributed over 
the margins or surfaces of the leaf itself, which is here of relatively large 
size and complex construction. 

The Order of description wall follow^ the sequence thus laid down, and 
it will become apparent that the elaboration of the leaves tliem selves 
foUoM's roughly parallel with that of the sporangial arrangement : in fact the 
whole series may be regarded as progressing from simpler to more complex 
types of the whole shoot. The arrangement thus adopted is convenient 
for description. The question will be reserved for later discussion how far 
it indicates a true evolutionary progression. 


LveoponrALES. 

/. Genera! Morphology. 

These plants are taken first because in them the spore-producing members 
are more simple and regular in their disposition on the shoot than m any 
other Vascular Plants. Throughout this ph^dum (as no^v limited by the 
exclusioir of the Psilotaceae), each single sporangium is subtended by a 
sporophyll (Frontispiece), the median planes of the sporophyll and of the 
sporangium coincide, and typically no more than one sporangium is 
associated with each sporophyll.^ These appendages are borne laterally 
upon the axis, which is endowed with apical growth. The arrangement 
of the appendages^ either sterile or fertile, is sometimes in regular 
whorls, but frequently it is according to some more or less interrupted 
spiral scheme (Fig. hO- The axis may undergo frequent branching, 
typically in a dichotomous manner, though mtermediate steps are seen 
in certain species to the monopodial type : in some of the Lycopodiales, 
however, branching is rare, or absent. It is thus evident that the whole 
shoot is of a simple strobiloid type. It bears roots at its base, and in the 

' Occasional exceptions have been noLed, where two small sporangift, side by side, 
subtended by a single spomphylt. These are rare, and appear to originate in some form 
of fission of the normal sporangiiiin ef kift, xvin, p. 27®)- 
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straggling or creeping forms these may arise adventitiously at points far 
up along the axis. It is by comparison as regards the differences which 
occur in this otherwise uniform family that some know^lcdge of the course 
of development of the Lycopod-typc may be derived. 

The Lycopodia les are divided, according to the presence or absence 
of a liguk^ into two divisions ; the Eligaktae, which include the Lycopo 
diaceae, that is the livitig genera Lycopodhan and Phyihgi&s$um^ with which 
are also to be associated certain early fossils designated LpiOpodiks^ and 
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the Ligulatae, which include the Sebginellaceae and Isoetaceae of living 
forms, together with the fossil Lcpidodendraceac and Sigillartaceae. I'hese 
will be severally considered as illustrating variants on the simple strobiloid 
type of the whole phylum. 


A. ELIOUt.ATAf^ 

The genus Lycfpodwm, which includes about a hundred living species, 
was arranged by Spring according to the degree of dilTeientiation of die 
several species^ He distinguished two main sections of the genus, the 
first including those with sporangia scattered over the length of the shoot ■ 
the second including those with the sporangia associated in definite cones. 
I he former .'section was again sub divided jiccording as the leaves were 
all alike, or as a distinction appeared between sterile and fertile leaves; 
the latter section according as the shoot was developed radially or 
dorsivemrally. The details of Spring’s scheme have since been modified, 
but the principle remains the same in the c lass Efica dons of the preseni 
day: jt is to arrange the genus along lines which clearly indicate a 
progressive differentiation and specialisation of sterile and fertile tracts. Such 
an arrangement naturally harmonises with evolutionary theory. The species 

’ Ahnografdtit dtt 1 JS4 1 . 
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which Spring placed firsi of all was Z. Se/ago ; and though ihis may not 
be actually the most elementary living species in the genus, still it is the 
best known of those wlilch show a low degree of differentiation. 

The plant of Z. is shrubbyj with dichotomously branched axes, 

bearing numerous leaves of approximately equal size and simple form 
(Frontispiece), There is usually a sterile region at the base of the plant: 
this is followed by the well-known alternating sterile and fertile lones, 
the length of which coriresponds with a high degree of exactitude on the 
several branches, "^I’hey are stated to be determined by successive seasons, 
the middle region of each year's increment of growth being fertile. These 
xones are not definitely marked by any distinction of the leaves themselves, 
but by the presence or absence of sporangia : nor are they strictly delimited 
in this respect, for occasionally a single sporangium may be found m an 
otherwise sterile region. About the lin^its of these zones sporangia of 
smaller size may be found, which sometimes remain closed when all those 
near them have dehisced. These are those incomplete sporangia which 


have already been referred to in Chapter XI IL, in connection with the 
argument for sterilisation as affecting the balance of the sterile and fertile 
regions. The condition thus seen in Z. Si/agi? is shared in more or less 
complete degree by about 40 living species, which constitute the section 
S^/ago: they are mostly ground-growing plants, ‘An examination of them 
shows that while most of them have* like Z, a sterile basal region 


of considerable length, still in certain species (Z. mapuctum. Hook,, and 
Z. Trtndiia Sodiro) sporangia have been found in the leaf-axils down to 
the base of the mature plant : this has been noted also, but less completely, 
in Z, firnmm^ Mett,, and Z. rigiduiii, Gmei. Unfortunately these species 
are unknown in the embryonic state, so that It is impossible to tell how 
early in the individual life the formation of sporangia actually begins; 
but practically the whole of the mature plant is a fertile strobilus. I he 
incomplete differentiation of the sterile and fertile zones is seen m all the 
40 species : isolated sporangia are frequently found in an otherwise sienle 
zone, and occasionally sterile leaves occur in a fertile zone: these facts, 
together with the occurrence of Incompletely developed sporangia at the 
limits of the zones, and the very uniform character of the leaves whether 
sterile or fertile, have their direct bearing on the theory of steribsaiion 

enunciated in Chapter XIII. l u a’ 

Some ten other species were grouped by Baker under the hea ing 
Sub-Selago, and are characterised by having the sterile leaves a little 
difreient from the fertile, bm passing into them gradually, while the 
suoraniia are aggregated into indistinct terminal spikes. All the species 
ILTgLped hfve : sterile basal region: above this follows a recurrence 
of sterile and fertile zones, as in %S(lago {L. Dalhemiatanuviy. reversion 
from the fertile strobilus to a permanently sterile state is mote c"™™" 
(/.. carinahfm, gnidioidts). A progressive diminution of size of 
leaves upwards is seen: it is sometimes gradual [L. sqtiarrosiim), 
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sometimes more sudden (Z. Dit/Zn/ifSiWiifi/fm). Isolated sporangia in the 
sterile region are more rare than iti but they do occur {/► 

gmdioi'dt'i^ s</tiantrsifm) i also partially abortive sporangia liave been seen 
at the base of the strobiius (Z. mihmfum). All these characters togetliei 
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'show a very close similarity to what is seen in the St^/age group, but with 

gradually increasing definition of the strobilus from the lower vegetative 
region. 

In the PhicgTtmrh group, which includes about eighteen species of 
epiphytic cliaracier, the spikes are slender, and dichoiomously forked, 
With sporophylls as a rule very difTerent in size from the foliage leaves 
(Fig, 142). Occasionally sporangia may be found in the vegetative region 
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subtended by leaves of the foliage type (L^ varin^/t); whilet on the other 
handj leases of the spovophyll type may develop no sporangia (Z. sHbuiatum^ 
Phk^mnrm). There may occasionally be alternating stenie and fertile 
zones (Z. mfmmuhuifoUttm). Transitions from the fertile strobilus to the 
larger-leaved foliage shoot are frequent (Z. mimmulurifolium^ mbuhtumi 
ophhglossoiiks, pimfolium^ Phkgmaria). Thus the diherentiatlon of the 
strobilus IS one of external form rather than a rigid difference of intimite 
cliaracter. The converse conditions of Z. vanum and Z. $ubidatum show 
that the difference of size of sporophylls and foliage leaves is not due 
directly to correlation in the individual parts, but rather to the general 
condition of the shoot as a whole. 

The above groups, including fully one half of the living species of 
Lycopodhim are now associated together under the sub genus Urmtddiy^ * i 
the characters assigned are not only tliose of the distribution of the sterile 
and fertile zones, but extend also to other features. The branching of 
the axis is almost, or entirely^ absent in the simplest of the upright forms r 
in the trailing or pendulous forms it is more frequont It Is of the 
dichotomous type, and usually in planes successively at right angles. The 
roots arise primarily from the basal region of the axis; in no case is 
there a creeping monopodial axis, wdth adventitious roots arising along 
its whole length. In about half of the species there is no formal dis- 
tinction of sporophylls from the foliage leaves : where such a distinction 
exists the sporophylls still have a green colour, and as a rule an entire 
maTgin. The spores have a pitted surface, without external processes. 
These general characters indicate a natural grouping of species which are 
certainly the simpler living representatives of the Lycopod type. 

iTe second sub -genus, designated P/iop^tksia<rbya^ includes the remain- 
ing species which are more differentiated than the first in many of their 
characters. The branching of the axis is only dichotomous in the younger 
parts, and becomes monopodial later, often with a well-marked main axis. 
All the species are ground-growing; a few are climbers. The upright 
species are freely branched (Fig. 143)^ creeping species the 

recumbent axis gives off upright branches, and is attached to the soil by 
successive adventitious roots; the fertile strobili are for- the most part 
definitely marked off from the sterile region, and are often carried upon 
elongated stalks, which bear minute scale-leaves (Fig, 144). The differ- 
entiation of the sterile and fertile leaves is constant; the sporophylls are 
pale, often chaffy scales, with toothed, ciliate margin (Fig. J143 
while the spores bear reticulate flanges or prickles on their outer wall. 
These characters collectively mark off Rhopaiostachyn as mure differentiated 
than Ur&siachya. But it includes some species which approach the latter; 
thus the three species associated as the imind^tum group show only slight 
differentiation of the strobilus from the vegetative shoot, while abortive 
sporangia are found at the base in Z. mundaiam. L. Dnimmondit even 

, ^Set Pdtaeh Eiigler u. Prantl, Nat. F/an&n/am., i. iv., p. 59^- 
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approaches L. 'm its aUernatioti of successive sterile and fertile 

zones. On sucl^ grounds tlie ifnafdaiym group has been associated with 
Phkg?fi{i}ki by Baker in the sub-geiius Lepidoih^ though this association 



is not now upheld. In the restj however, the 
deilnition is more exacts and is strictly main- 
tained ; for instance, in L. in a very 

large number of specimens a transition from 
the strobiles back to the vegetative shoot was 
never observed. The same is the case in the 
species associated as the group of Z. ciavatum^ 
which are terrestrial trailing species, with welb 
defined strobili. In this series the iniercahtion 
of <x peduncle, with small distant scales* between 
the larger-leaved foliage shoot and the definite 
strobiliis Is Indicated (Fig. 144). The question 
whether the peduncle is directly derived from the 
basal part of the strobilus, or from a specialised 
|>art of the already sterile foliage region, may be 
left open j but as sporangia are not found on it, 
nor even any vestiges of arrested sporangia, the 
latter seems the more probable source of the 
peduncle 1 the biological importance of it in 
ground’growing forms is readily understood. 

Finally* the dorsiventral species* previously 
grouped as the sub-genus Dipkasium^ are now 
distributed according to their obvious affinities; 
the dorsiventral character of their vegetative 
shoot being held as a secondary adaptation : 
the strobilus, however, remains as clearly defined 
as in the more advanced representatives of the 
sub-genus and does not share in 

the dorsiventral development. 

A comparison of the living species of ZJV^^ 


i.ytspinittiHi eiiroiittiamffN, L, 
showing liabit. Al^cvul 
twa-ltiiTnls raturjl ^ = stro- 


pf^dum thus appears to demonstrate a progression 
from a less differentiated to a more difTerentiated 
state* In the simplest forms the whole of the 


Sl’i’ unbranched or sparsely branched shoot is practi 

^ strobilus, which serves the double 

purpose of assimilation and of spore-production. 
By gradual steps the living species suggest how the two functions became 
separated: a purely vegetative region was established by abortion of the 
sporangia, and it was naturally located in the first-developed or lower part 
of the plant* since the function of nutrition must necessarily precede that 
of spore-production. The fertile upper region also became more specialised, 
and in the species where it is most clearly defined from the vegetative region- 
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the spOTophylls no longer serve as assimilating leaves, l>ut ap|>ear as cha/Ty 


scaleSj performing a protective function, 
the cornparative study of the mature 
spoTophyte in the genus Lyatpodium 
any other evolutionary story than this. 

The only other living genus of 
eligulate Lycopods is the monotypic 
PhyUoglos^um^ long recognised as the 
simplest of them all The mature plant 
as seen above ground consists of a tuft 
of almost cylindrical assimilating leaves, 
from the midst of which rises the 
simple axis terminated by the short 
strobilus ; below ground are found two 
ovate storage tubers, one dating from 
the preceding year and in course of 
exhaustion, the other in course of 
development as a store for the succeed* 
ing year* There are also one or more 
roots (Fig. 145). The lower parts of 
this curious little plant cannot be 
properly understood till it is compared 
with the embryos of certain species of 
Lycopodium^ for it repeats in its annual 
growths their embryonic characters : the 
discussion of them will therefore be 


It would be difficult to read from 



ffGr 145 ’ 

Drni*t»t«isdn, 

al ,1 gLTmiiultil tuber \ ^|, Aj, Itavts: tp 
-tint j’otmg strohllus, k ij. a = (ht Hirholu 
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tlte j'ouns tuber; ^^rooi. C = vporiophyl I ■rttch 
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Kngkr and PrL^iul.|9 


postponed fp. 351). The very short strobilus shows a similarity to the 
Utosiathya rather than to the Rhopah^tachya section of the genus; this is 
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seen in the smooth margin of the rather fleshy 
sporophylls, as well as in the incomplete protection 
of the sporangia. It is interesting to note that tran- 
sitions are occasionally found between the foliage 
leaves (protophylls) and the sporophylls : Fig, 
1 46 A shows a case where a single sporophyll of 
larger size than the normal, with a sporangium 
in its axil, stands isolated some way below the 
strobilus : thus It is intermediate both in position 
and in character between the two types, A small 
protop hy 11 without any sporangium may also 
sometimes be found at the base of the pedicel. 
Dichotomous branching of the strobilus is some- 
times seen, but it is rare : an example is shown 
in Fig, 146 E. Such features are important for 
comparison with Lycopodium^ and indicate that 
there is a close relation between the two genera. 
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Of the fossils which have been referred to a. near affinity with 
Lyaipodiam under the name Lyc&podiks^ many have been shown to find 



Lyespeditis Sf^kih 1 -iptcamen, natural sii*T s»ranE>i : 

a = i:pQT9phyll 4 = small p&fiion of slcm, cnlafscfJp ^hOwjng vwticillAW ]eai 

(A^cr KidstoAr) 


their true place elsewhere,^ But some at Least of them shoft distinct 
Lycopodinous characters: for instance, Lycopoditts Kidston, from 

the calciferous sandstone of Dumfriesshire- In habit it is like Lyeopodtum 

iKidston, Tram. N<ii. Hiit. S^., Glasgow, vol. vi., p. J2- 


GKNKRAL MORPHOLOGY 


299 


Phkgmfiriti^ $hQ^v[n^ a terminal strobblu^, with ijporaiigia, and the sporopbyIR 
smaller than those borne by the more lax region of the shoot below (Kig. 
147). The leaves are arranged in whorls— a condition not unknown among 
species of the Phkgmaria group. Tlie sporangia do not appear to have been 
restricted to the terminal sirobilus, but to have occurred also in relation 
to the larger foliage leaves i this is a condition which has been seen 
to occur in Z. vnrium^ as well as in the living species of the group 
sub-Sslago^ from vthieh the Phkgmaria grouji appear to be a specialised 
offset So far from this distribution of the sporangia raising a dilhcully, 
it seems to point to the existence in very early strata of a Lycopodinous 
type f>liow']ng characters which exist in living species, and wlhch com- 
parison indicates as primitive. These fossils are unfortunately rare^ and 
in the particular case of L. Sloik'd the essential facts are based upon a 
single specimen. 

B. LuitfLA'rAt. 

The ligulate Lycopudiales resemble the Eligulatae in general habit, 
but they differ from them in the presence of a srnall process — the ligule — 
borne on the upper surface of the leaf, near its base : also whereas the 
living Eligulatae are all homosporous, all the living Ligulatae are hetero- 
sporous. Seiaglneila is the preponderant genus of the living Ligulatae : 
its vegeLativc development is characterised by frequently re[>eated branch- 
ing of the axis, which bears numerous Jimall leaves : but whereas in 
Lycopodium the dorsi ventral development of the shoot is the exception, 
and the radial the rule, in Sciagiuciia only a few species show the radial 
construction as a permanent character : the latter, as Goebel remarks,^ 
usually grow on dryer and brighter spots than the dorsiventrah As 
the result of experiments on species such as S. safigtnnokHta^ in which 
anisophylly is not constant^ but appears under the influence of external 
factors, Goebel concludes that the dorsi ventral ity is a phenomenon of 
adaptation brought about by light : thus the radial type will naturally 
be the more primitive. In the great majority of the living species, 
however, the strobilus is isophyllouS} even where the vegetative shoot 
is anisophy lions i thus indicating that it is the more conservative part 
of the plants. But in some ten per cent, of the living speciei, the 
strobilus itself is also anisophyllous. The definition of the strobilus from 
the vegetative shoot in Sihgindia is more marked than in Lycopodium \ 
a condition corresponding to that of the group of Lycopodium is 

unknown, nor have isolated sporangia ever been observed in the vegeta- 
tive region : the differentiation of the sporophyte of the genus as a whole 
corresponds to that of the more specialised types of Lycopodium, But 
imperfect sporangia have been observed at the base of the strobilus of 
i’. spittuiosa, and MartcusH, and would doubtless be found in many 
other species: this condition Is open to the same interpretation as 

^ Qr^mgrapAy, \o]. L, p, 105. 
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111 J.ycopodutm, As is well known, the iiiegasporangia and microsporangia 
iire alike in tlicii early stages of developn^ient, though differing later in 
the S]>ores which they produce : this additional degree of differentiation 
in live genus falls in with the higher differentiation noted in the vegetative 
organs, as compared with Ly^^podhuu. 

Of ihe species with radial construction, the best known is S. 
specially investigated by Bruch mann:A this will be briefly described for 
purposes of convparison on the one hand with Lycopodium^ and on the 
otlrci^ with the related fossils, while the dorsi ventral SeldgincUns may be 
regarded as specialised offsets from some such radial type as tivis. The 
seedlhig of Jf. spinulota is like other Selaginellas in having an upright 
elongated hypocotyl (Kig. 14^)1 which is continued directly into the primary 
root : the hypocotyl bears two cotyledons, after which a variable number 

of pairs of epicotylar leaves are formed 
before the first branching, which is a 
true dichotomy. The limbs thus formed 
branch repeatedly, at first dichotomonsly, 
but later monopodlally^ all the branch- 
ings being In one plane, at right angles 
to that of the first dichotomy : thus two 
fan-like branch-systertis are produced, of 
which certain stronger branches are 
fertile, the rest sterile (Fig. ^ 49 ^ The 
arrangement of the leaves of the primar}' 
axis is decussate, but on the later 
branches there are transitions to spiral, 
v'hile in the thicker strobili the arrangement Is on a complex spiral 
plan. The main axis terminating below in the hypocotyl remams 
permanent, and its base swells at the level of the suspensor to form a 
knot, from which alone the later roots originate ; they are formed 
endogenously in swellings of tissue of the knot, and burst their way 
outwards through the superficial tissue. The whole plant of S. spinulosci 
is thus dependent upon a central source of water-supply from the base 
of the main axis* Tn most species of StlagineUa^ however, the well- 
known rhizophores are formed, at the branchings of the axes of higher 
order, and thus their rooting may be efficiently carried out at a distance 
from the primary axis : this is probably a derivative condition, just as 
the dorsiventral development, of which it is the usual concomitant, is 
also derivative. Both in the form of the shoot, and in the central root- 
ing, the type of S. spinuiom may be held to be more primitive than 
the common dorsiventral type of the genus : in these respects it will be 
seen to correspond more nearly with the large fossils than do the more 
specialised species of the genus.^ 

^ (/nttrs* X spinitli^sa^ A. ffr., Gctba, i&gj* 

^See Goebel, Org&nogtaphyy vol. li., p. 2 JO. 
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But the Fossil iJgulate? were not all largn?. There is evidence that 
small organisms, corresponding in habit lo the heterophyllous 
existed also in early geological times. The fossil from the Upper Coal 
Measures, described as Lyc&piuUk% Gutbkri^ Gdpp, can hardly have been 
anything else. Lycopodiks pttmai'vus^ Schr^, from the ^Vestphalian Mifldle 
Coal Measures, though it shows no distinctly Selaginelloid shoot, has 
heterosporous sporangia, with megaspores more numerous than four in 
each sporangium, as shown me by Mr^ Kidston, in specimens belonging to 
the Brussels Museum. A similar condition has been described by Zciller ^ 



in a plant from Ltlansy, named by him Lycopadiies where the 

number of megaspores w^as found to be 16 to 24. In these cases tlve 

reduction in number of the spores as a consequence of heterospOry 
appears to have proceeded less far than in the modern Stdit^we/hr 
But, on the other hand, the carboniferous plant described by Bertrand 
as Miadtsmla corresponds in structure, as well as in the heterophyllous 
arrangement of the leaves and in the presence of a ligule, to S^hgimlh^ 
while it appears to have progressed towards a seeddike fructification. 
The minute new' species Miad^smia ntefn^ranacifa, Bertrand, lias been 
directly compared with SehgintUa spinnk^Q ( = > 5 - stlaginoidts^ Link) by 
Miss Benson,^ in respect of characters other than the seeddike structure 
^ CofNpifi Apfil, 17, 1900, Serks B, vo\. Ixxix, p. 47.5 
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borne by the megai^poroph)^]!. So far as it goes, thei\, the evidence from 
the fossils favours the conclusion that plants resembling Seiagineih existed 
in the primary rocks, and that even the more specialised heterophyllous 
type of SciiTgiiic/h dales at least frotn the Carboniferous period^ >vhile 
it seems possible that a seed-like habit had already been established. 

Ihe dendroid Lycopodiales are among the earliest knoivn fossils^ 
dating from the Lower Devonian period to the Trias, They include the 
families of the Lepidodendraceniej Bothrodendraceae, Sigillariaceae, and 



Fic. Tjsi. 

GrtMJiid plftn of .1 Trcc-j-Uimp witli Stigma I'ln-truiifcii. OiiC'tixiicih rhc uatufit hi™, 

{After PocoE^t.) 


Pleuromoiaceae. Underlying the differences of detail according to which 
these families are dtstinguished, there is a general unity of morphological 
plan : the essential features of it are as follows. The main axis was 
upright, rising in some cases to a height of loo feet. It was bulky 
relatively to the numerous simple leaves which it bore : it branched 
upwards in a dichotomous manner, m most cases profusely: in some of 
the Sigillariaceae, however, and in Pleurom&ia branching may be entirely 
absent. The development of the branches of the dichotomy were in 
various cases either equal or unequal, a fact which leads to differences of 
habit, as is seen to be the case in Lycopodium or SeiagimUa. Ihe axis 
was fixed in the soil by a shallow and broadly spreading system of 
Stigmarian trunks {Fig- Lepid^dcfidron the main Stigmarian 

trunks usually numbered four, which bifurcated repeatedly, thus forming a 
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widely spreading system : from these the rootlets raxJiated In all directions, 
developing to a length of a foot or more, artd showing dichoKjinoiis 
branchings The underground system was thus proportional to that abtnc 
grounds In the Sigillariaceae similar trunks are fouiidj but it seems 

doubtful whether they show the same constancy of initial type as in 

L^pidodendtQn. In Phuromaia the base of the upright stock swells into 
a tuberous body, which is very 6 /r^^wii? 7 rt-]ike iii the fact that it is 
covered by root'SearSj while it extends into four blunt processes corre 

sponding in position and character to Stigmarian trunks^ though much 

shorter (Fig, isO* w'cjuld 
seem probable that in this 
relatively late dViassic fossil 
(which is unfortunately known 
only in the form of casts, 
not structurally), a simple 
representative of the Lepido^ 
dendroid basal ’region is cor- 
rectly recognised. In all of 
the dendroid forms the Siig- 
marian trunk appears to have 
been present, as a Lisis for 
the roots: but the latter were 
not restricted to that position: 

I'otonSe shows how' the scars 
of their insertion may be 
sometimes found on the leaf- 
Ijearing axes also, associated 
with Some degree of regularity 
w'iih the leaf-scars.^ 

d'he leaves of the fossil 
bycopodiales were sometimes 
of considerable size, but un- 
branched and of simple form. 

They expanded at the l>ase into the well-known cushions, wdiich in tnaiiv 
forms occupy the whole external surface of the axis: this corresponds to 
what is seen among the living Lycopods, On the upper surface of the 
leaf, near its base, the ligulc is seated : it appears to have been a constant 
feature in the dendroid Lycopodiales, and the occurrence of it links them 
rather with SelughuUa than with Lympodium. It was often seated in a 
deep pit — as it is in some living Selaginellas— and this pit persists as a 
marked feature in the neighbourhood of the leaf-scars, whenever the cast 
of a stem-surface is well preserved (Fig, 152). 

The vegetative region appears to have been, as a rule, pure!)' 
vegetative : the sporangia are restricted to well-defined cones or strobili, 
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mmhi in thdr characters, as aho in their clear definition, to 

those of the more differciniated types of LyCi>podium or to SdagMh. 
The general structure of the strobilus is, as in other Lycopods, essentially 
the same as that of the vegetative shoott excepting in the presence of the 
sporangia. These are of very large size, and are commonly extended radially 
outwards from the axis, being interposed between the axis and the 
ligule i the latter then appears on the upper surface of the sporophyll, 
beyond the distal limit of the sporangium (Fig^ 153). In Ltpidodmdron 
the cones thus constructed ivere borne on the ends of the ordinary 
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branches ; but in SigiUarh they appear to have arisen laterally upon the 
main axis, from which after maturity they were deciduous, and each was 
borne upon an elongated pedicel covered with acicular bracts, while the 
cone itself showed a construction essentially similar to that of a small 
Leptdodendron. 

'rhough the type with a definite cone marked off from the sterile 
region was usual for the fossil Lycopodiales, it was not universal In the 
imperfectly known plant, Pkvromoia from the Trias, the whole main axis 
seems to have been a strobilus {Fig. 154), borne upon a Stigmarian base 
(compare Fig, 151). But a much more satisfactory example* from the 
Westphalian series (Middle Coal Measures) is that of Fmakodendrmt 
mnsivtinu Weiss, specimens of which, discovered by M. Hector Delteure 
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at Marietnont in Belgium, are about to be described by Mr, Kidston : to 
him I am indebted for the information that this large Lycopod bore its 
sporangia associated with the leaves of certain portions of the stem, without 
any cone^formaiion, or alteration of the form or disposition of the leavcF; 
which bear them : the fertile and sterile portions are distinguished only 
by the presence or absence of sporangia. It is, in fact, a typical repre- 
sentative of the type, but of dendroid dimensions. In this 

connection it is interesting to note that Solms Laubach mentions certain 
“remains of great size, remarkable for the unusmal thickness of the axis 
— classed by Lesquereux with L^pidophioios. Weiss also has described 
a similarly colossal cone as Lomafophhm macrokpidotus, but, unfortunately, 
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there is no detailed account of it. The enormous size of the axis in 
these specintens gives rise to the suspicion that the fructification was not 
confined to special fertile shoots, but might occasionally appear on the 
leaves even of the main stem, which then increased in thickness, much 
as we see in the present day in the female flower of Qvwq and mu/atk 
in Ly^op<>dium Scla^ti. ^\'e naturally ask, on wliat sort of scars 
could such cones be seated as lateral organs?”^ Kids ton's description of 
Pituikodcudrmi shows that the ” condition did actually exist in 

dendroid types, and thus fesolvcs the difficulty. A similar condition is 
shown by the small Lycopsdfks dkatus.^ Kidst., from the Middle Coal 
Pleasures,- while the still earlier Lyoipmiiki Sfockii (compare Fig. 147 
above) also has its sporangia associated with leaves of the foliage type. 
Finally, the imperfectly known Lympodiks Rddii, from the Devonian of 

* pQuit Kngt. €€111,, p, 2J5. 
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Scotland, has been compared by Penhallow 
with Lycopodium Seiago as regards the un- 
differentiated shooL^ Without attaching too 
much importance to the last example, it 
appears certain that Lycopods, even of large 
siie, existed in very early times, in which 
there was no clear different] a lion of vege- 
tative and fertile regions i in fact, the 
“ Siiogo condition dates back to the 
Primary Rocks. 

There can be no question of the Lyco- 
podinous affinity of the fossils thus described 
briefly in their general morphology : it 
remains then to indicate where the nearest 
correspondence is to be found between 
them and living forms. They are plainly 
related to the Ligulaie Ly copod iales, and, 
being of a radial type of shoot, and usually, 
if not always heteros porous, the correspon- 
dence is nearer to the radial species of 
Sihghfdla \ this suggests a comparison with 

spimihsa^ from which some Interesting 
points will emerge. In the first place, the 
difference of size is to be discounted : how- 
ever diverse the gigantic Ltpidodendron may 
seem from the minute 61 spintd&^o^ the com- 
parison really relates to the relative position 
and character of the parts composing the 
plant’body- The parts which form the shoot 
— axis, foliage-leaf and sporophyll, the ligule, 
and the sporangium — are identical in both 
as regards their relative positions, though 
differing greatly in their number and dimen- 
sions t in the dichotomous branching, and 
in the relation of the resulting shoots to the 


j upright main axis they are alike : also in 

\ j the dependence of the whole plant for its 

^ water-supply upon the base of the primary 

Fit. 154. jn fact, Sdagimlia spinuioia is like a 
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extends also to that curious knot which 
found at the base of the main axis in 6. spimdosa : here the origin of the 
roots is strictly localised: they appear endogenously on indeterminate 
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outgrowths from the asis itself, which have been regarded as rudimentary 
rhb,ophcires, It does not seem an undue strain of comparison to suggest 
that m this basal knot is still to be seeuj on a minimal scale, a living 
representative of those larger growths known as the Sligmarian trunks. 
These would thus be in their nature indeterminate outgrowths of the 
hypocoty], as are these rudimentary rhizophores ; but like them, strictly 
localised in origin, instead of being dispersed over the. branch -S3^steiri, as 
are the rhizophores in most modern It is thus possible to 

bring the general morphology of Ltpid&d^tfdron into relation to that of 
the modern a type which there is reason to believe itself 

dated from the Carboniferous period. 

On the other hand, there are obvious relations between the dendroid 
Lycopodiaks and the living genus this type has been found 

fossil in the Tertiaries, and back as far as the Lower Chalk, while in the 
Trias the curious fossil Fhurom&ia is represented : but there is no suffi- 
cient evidence of the genus hotks having itself figured among the earliest 
fossils. 

'I'he plant of Fniki consists of a short upright axis covered by relatively 
large leaves (Fig- 155) : the axis is usually unbranched, though bifurcation 
occasionally occurs, a fact that has its interest for comparison with the 
Lycopods 7 The leaver are essentially of one type, with broad base and 
acicular upper part, while seated in a pit on the upper surface, at some 
little distance from the base, is the ligule. The leaves may be either 
sterile or fertile, and in some species there is a differetice in size, the 
sterile leaves being the smaller. The plant is heterosporous. ^Vhere the 
leaf is fertile the large cake-like sporangium lies in a depression of the 
leaf-surface, between the liguk and the leaf-base, that region being 
elongated to. accommodate it: in the sterile leaves it is shorter. An 
examination of the sterile leaves of L heustris (and Wilson Smith made 
similar observations in /. €€himspQr(i) shows that sporangia in various 
degrees of abortion may be found upon them : in some of these spores 
are developed, but in smaller numbers than the normal : other sporangia 
may remain quite small, and produce no spores. Dissections show that, 
in the majority of leaves that are apparently sterile, a rudimentary sporan- 
gium is really present in a normal position. It is stated that a regular 
seasonal sequence is followed in the distribution of the megasporophylls, 
the micTosporophylls, and the foliage leaves: that the megasporangla are 
borne on the first or outermost leaves of each annual increment, then 
follow leaves with microsporangia, while the sterile leaves form the transi- 
tion from one year’s incren^ent to the next. It is thus seen that in the 
distribution of its sporangia hoitfi shows a condition similar to that of 
Lycopodiim but that the various degrees of their abortion are 

better represented. It follow's from the facts that after the embryonic 
stages are past— In which no sporangia arc produced— the whole plant h 
* Soln^a Ijiubacht 1902, p. [79. 
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potentially a fertile strobilu^, in which the vegetative and reproductive 
systems are not differentiated from one another. This, together with its 
prevalent absence of terminal branching* points out /sotks as a near 
approach in its general construction to the strobiloid type theoretically 
primitive for the Lycopodiales : this it sliares with the simplest 
forms of Ly<opodhan. But it is with the dendroid Lycopodiales that 
hotUi shows common characters of the sporangia themselves : there is 
also some similarity to them in the structLire of its abbreviated but bulky 
stock : on this also the very similar bifurcating roots are inserted, but in 
Isoe/ts their origin is localised \h the depressed grooves which traverse 
the stock longitudinally* instead of their being borne on Stigmarian out- 
growths* as in the fossils. The plant is then like a partially 

differentiated Lepidotirobus seated upon a Lepidodendroid base: in fact, 
like a stunted Lepid&defidrofi, with its preliminary vegetative phase very 
shortn Its mature shoot still carries on both vegetative and propagative 
functions, and in this lack of differentiation a primitive character is to be 
recognised. 

The account thus given of the general morphology of the mature 
sporophyte in the Lycopodiales* living and fossil, shows the essential 
identity of their plan of construction throughout the phylum* and how in 
the two series, th<; ligulate and the eligulate, parallel conditions of differ- 
entiation are represented. In both the structure of the shoot is essentially 
strobiloid* with a constant numerical relation of the sporangium to the 
subtending sporophyll. In both series the branching of the axis is primarily 
by dichotomy, with a deviation in the more specialised types* and especially 
in the higher ramifications to the monopodial branching: but in certain 
simple types branching is rare, or even absent. The shoot is fixed in the 
soil by roots, formed chiefly, or even exclusively* at the base of the axis 
in the simpler types i but in the more specialised they may be formed at 
various other points on the shoot-system, or on outgrowths from it of an 
indeterminate character. In both series there is evidence of abortion of 
sporangia, leading to a segregation of definite tracts of the shoot-system 
devoted to nutrition and to propagation respectively: in the higher types 
the strobilus becomes a definite cone of limited growth* clearly marked 
off from the lower vegetative region: the production of spores is thus 
deferred in the individual life, and a more lengthy vegetative phase 
intercalated before that event. This progressive differentiation is best 
illustrated in the eligulate series* which is also the more primitive in 
respect of its homosporous condition. We are thus led by comparison 
of the Lycopodiales, living and fossil, to contemplate as a fundamental 
type of their shoot a simple unbranched strobilus with unlimited 
apical growth* bearing undiflerentiated leaves, and having one sporangium 
associated with each leaf. This may not improbably have been the 
primitive type from which, by branching, by formation of a root-system, 
by diaferentiation of the sterile from the fertile region, and* finally, by 
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cessation of apical growth in the fertile branches, the whole series of 
forms included in the Lycopodiales arose^ It will remain to be seen 
how far the detailed study of the sporangia, and especially of the 
anatomy and embryogeny of the LycopodialeSj will support this hypo- 
thetical origin^ 


CHAPTER XXIV. 


SPORE-PRODUCING MEMBERS OF THE LYCOPODIALES, 


The normal sporangia in the Lycopodiales are always non-septate sacs, 
excepting that in the megasporangia of Is&etes there may be an isolation of 
the megaspore-mother-cells (see p. 320). The form is that of a kidney, of 
which the curvature and proportions are liable to considerable variation. 
The position is, as we have 
seen, essentially constant, each 
sporangium being subtended by, 
or inserted in a median position 
relatively to its sporophyll; the 
curvature is in the tangential plane, 
showing in tangential section a 
more or less pronounced fan-like 
outline. A series of examples 
of sporangia will be selected as 
illustrating the structure and 
mode of development, and the 
degree of variation in form and 
proportion which exists within 
the phylum* 

The genus Lyc&podhm will 
be taken first, and the spor* 
angia compared in a number 
of species. It will become 

apparent from this comparison that the differences which they show are 
not at haphazard, but that they follow with some degree of accuracy those 
lines of external differentiation, upon which the systematic arrangement of 
the genus has been based. In order to make this clear the description will 
follow the accepted systematic order, beginning with the least differentiated 
types. In L. Seiag&^ the sporangium originates at the base of the sporophyll, 

i*, p. 511. 
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bot clearly upon its upper surface as a transversely extended cushion 
'57 a)- III median radial section it appears as a convex growth^ in 
which a central row of three cells, the result of penclinal division of one 
parent cell, is dominant (Fig. 156)1 of these the middle cell is of arche- 
sporiai character, A tangential section of a sporangium of similar age 
(Fig. 157 e) shows that there are a number of these archesporial cells: 
in the example shown there are seven : but the number is not constant, 
as is shou'n by comparison of various tangential sections, and supported 
by sections cut transversely (Fig. 157 c). The young sporangium consists 
thus of a single tangential row of archesporial cells, covered in completely 
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by a single layer of cells forming the sporangial wall, and supported 
below by cells which grow more actively in the middle region of the 
sporangium, thus leading to the curved form which it assumes later. It 
is cleat also that all the essential parts of the sporangium originate from 
several superficial ceils of the sporophyll, and that it is impossible to refer 
them in origin to any single parent cell 

At first the parts thus laid down often grow uniformly, so that their 
mode of origin may still be traced in a more advanced state : but later the 
more numerous divisions are less regular. Superficially they result in the 
formation of a sporangial wall, composed of three layers, or of more 
towards the base of the sporangium (Fig» 157 o): of these the innermost is 
the transitory tapetum : the tapetal investment of the sporogenous tissue 
completed by development of the adjacent cells of the sub-arcbesporial 
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tissue also as tapetum. The dehiscence is along a transverse line, and the 
preparation for this is already indicated at the distal end in Fign 157 i>, d. 
Meanwhile, the sporogenous group within, in 
the formation of which the whole products of 
the archesporium are involved, has been subject 
to repeated celhdi vision: its cells finally separate* 
round themselves off, and all of them, as a rule, 
undergo the tetrad-division* In the mature 
sporangium the form is less strongly curved 
in Z. Sddgo than in many other species, while 
the stalk is a relatively narrow one. The 
general proportions, as well as the imperfect 
protection of the sporangium afforded by the 
rather narrow sporophylls, are shown in Fig. 

15S Z, tf, / 

The type of sporangium thus described for 
Z. with its single row of archesporial 

cells, relatively narrow stalk, and imperfect 
protection while young, appears to be character- 
istic, with relatively slight modifications, of the 

Uroshuhya : other species of the sub-genus which have been 
vk , Z. dukotomufu^ Jacq., Desv., mmtntfiianfaliitm, 

Blume, and Fhkgmarm, L, are all alike in 
showing an archesporium consisting of a single 
tangential row of cells, though the number of 
these in the row may vary ; the simplest case 
observed was that of Z. Phkgmaria^ where the 
single series consisted of certainly not more than 
five cells, and perhaps of less. The further 
development in these species was also the same 
as in Z. Sehig&, though the proportions were 
different. In Z. dkh&tomum^ hoivever, there is 
the peculiarity that the sporangial wall is found 
to be more massive, consisting of 4-7 layers. 
Putting such differences aside there seems 
reason to regard the single tangential series of 
archesporial cells as a common feature of the 
sub-genus \ further, the sporangia 

are inefficiently protected by the sporophylh 
{Fig. 15S h, j> 


sub-genus 

examined, 
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In PriUel's arrangement of the 


genus the 

section Itmndaia is separated from Pkkgmark, 
and placed in the second sub-genus Rhopah^ 
sta€hya. We shall see that the sporangial character upholds this change. The 
aporangia are from the first more bulky than in Urostachya (Fig. 160 A\ /, w), 
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and this has been found in L. utunduiam ro go along with a more bulky 
origin. The sporangium as seen In radial section arises as a broad swell- 
ing, while two cells have been seen to divide periclinally, indicating at 
least two tangential rows of archesporial cells in place of the single row 
in Z, Sc/ago. This origin of the spoiogenous tissue may still be traced in 
ihe older stages (Fig. 159)^ It may be that this condition is not 
actually constant in all caseSf but it has certainly been observed to exist 
in Z. ifftiifdafitm. 


Of the rest of the sub-genus Rhopalostachya^ L. davaium and R aipimm 
have been examined, and they both show a still more massive type of 

sporangium. This is seen 
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in the mature state (Fig 
1 60 i\ s i 4 f-r, V, a^), 
where the stalk appears 
to be short and thick: 
moreover, it is seen that 
the strobilus is constructed 
in these species so as to 
afford more complete pro- 
tection to the sporangium 
while young, than Is the 
case in the simpler type 
of Z. Sdag^. This is 
effected by special de- 
velopment of the lower 
parts of the sporophylls 


(Fig. 22 i>, e): in some 

cases, as in Z, c^rnutim^ the sporophyll takes a peltate form. Radial sections 
of the young sporangium show, both in Z. €luvai^m and in Z- 
that from the first the form is broader still than in the types previous y 
described* At least three cells in each radial section are involved m the 
origin of the archesporlum, sometimes even more than three (Fig. rdi a* cj- 
Occasionally periclinal divisions appear in rhe superficial cells, by whic 
subsequent additions may be made to the archesporial tissue (Fif^ 
cells marked The tangential sections also show an advance on t e 

Sdago type: for tw-elve is not an uncommon number of the archespor 
cells in one tangential row as against seven in L. Sdago, or five in 
Z. Phkgm<xria. Countings of the sporogenous cells laid bare in 
of sporangia at an age approaching the tetrad-condition show that reir 
number is far in advance of those of the Sdag$ type: this is the condition 
to be anticipated from the bulky character of the sporangia (Fig* 1^1 
moreover, their thicker and shorter stalks would be well fitted 
the necessary nourishment for the larger spore-output- It tnay be 
that in these large sporangia occasional irregular processes 
upwards from the base of the sporangium into its cavity, which 
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assist in conveyance of nourishineiit to the large mass of developing 
spores. Thus in the main features of form and dehiscence the sporangia 
of Rhopakstachya conform to the type of L. but are larger and 

more productive ; while the sporophylls have a more elaborate form for 
purposes of protection. This goes along with the differentiation of the 
vegetative from the propagative regions, the steps of which have been 
traced above in the genus Lycopodium^ The conclusion seems justly to 
follow that with this differentiationj which has apparently involved a 
diminution in the actual number of sporangia by abortion, there has come 
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into existence a more massive type of sporangium, together with a more 
extensive spore-output from each of them, and a more specialised protec- 
tion of them while young. 

It has been seen that the strobilus of Phydl&gifmum resembles that of 
the submenus VroUcichyu^ rather than that of Rhopahniachya, An cNami- 
rtation of the developing sporangium supports this com|jarIson, for only a 
single row of about six archesporial cells is found; but, on the other 
hand, the outline of the sporangium, and the relative thickness of the 
stalk, show some similarity to L. inundottan, 

'I’he sporangium of Sthgimlia corresponds in general type to that of 
Lycopodium. It is usually described as arising from the surface of the 
axis: in some species it does so (.V, Markmii) (Fig. 162), but in others 
it is seated more nearly upon the surface of the leaf; in fact its position 
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may v^xy in differenc species though the numerical relation of one to each 
subtending leaf is strictly maintained- There is considerable divergence 
of opinion as to the details of its early developmentj which not 
improbably arises in part from want of exact uniformity in difFerent 
species, partly from difticulty of observation, owing to the small size of 
the cells in young stages.^ It has been seen above that S. Is 

among the least differentiated species, as 



regards external form, and on that account 
it deserves special attention. The de- 
scription here given will be ba^ed on that 
species. According to Goebel the whole 
sporogenous tissue, as seen in the radial 
section in 5, spimiiosa^ is referable in 
origin to a single archesporial cell, which 
isj however, one only of several forming 
a tangential series- I do not deny that 
this may sometimes be the case; but in 
my sections two primary archesporial 
cells were usually present (Fig. i(S3 a, b), 




somewhat as in Lycopodium ifiundo/iim. 
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Tangential sections show that these 
represent two rows of archespoHal cells, 
with about four cells in each (Fig^ 

Thus the correspondence in sporanglal 


type with that of Lycopodhwi is very striking, as regards early development: 
the chief difference is in the origin of the tapetum, for this In 
is cut off by tangential divisions from the sporogenous tissue (Fig. 163 c, £), 
of which it is thus a sterilised part. There is reason, however, to think 
that the first periclinal divisions in the young sporangium do not always 


^Observations have been made on various species of tiie giencis s Goebel {Bot. 
i8St, p- 697} investigated S. heiveika^ and WnUkhii, and his results are 

restated in his Or^awj^rafi/jjr, vol. ii., p. 600 ^ allowance is, however, made by bins for scnie 
degree of variation in details, hfy own observations on S* spinit/esti, and 
described in my i., p. 533+ Campbell, in his Mouses orid /kr/tSf 2nd edition, 

p, 530, describes th* development for 5. Ayaitstiaitaf hut his figures are by no means 
convincing that his reference of the whole sporogenous tissue to a single parent cell Jn 
the radial section is correct. Miss Lyon (BsL Gat., xxxli., p+ has ma e a 

careful Study of the development in S, aput, and and traces the sporati^um 

frequently if not always to a single superficial Cell, wbich^he designates the archesj^num 
but as the results from radial sections were not accurately checked by companion 
tangential or transverse sections, the point of ultimate origin of the whole s^rangiuni 
frour a single superficial parent cell cannot he regarded ag demODstraled for this 
Before the details for the genus as a whole can be properly understood, the develcpin*“ 
will have to be studied in tangential as well as in radial sections. In a number of diETeKU 
species selected from different sections of the genus j meanwhile the substantial agtceme 
of the sporanglal type betw'cen the less differentiated S. tpinwlffsa and the gfinu 
Lycop&diitm is the main point of interest for the present discussion. 
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define the future sporogenous tissue from the sporangia! wall, but that by 
further periclinal divisions of the superficial cells additions may be made 


to it, If this be so, then 
the distinction between 
the two sources of origin 
of the tapetum does not 
appear so marked as at 
first sight it might appear 
to be. 

In the microsporangia 
all the cells of the sporo- 
genous group may under- 
go the tetrad- division, 
and form microspores ; 
but Miss Lyon found 
that in S. apui not more 
than five-sixths of them 
were fertile, the rest dis- 
appear* In the mega- 
sporangia, as a rule, a 
single cell is early differ- 
entiated by its denser 
protoplasm from the rest : 
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this alone undergoes the 

tetrad-division, and forms megaspores {Pig. 164). But in S. ntptstrh a 
smaller number of megaspores, or even only one, may come to maturity i 

in S. (tptrSy however, two mother- cel Is 
may become matured, and eight inega- 
spores be thus formed in one sporangium* 
These fluctuations have their interesting 
bearing upon the origin of the heiero- 
sporous differentiation, showing that there 
is some margin of variation iti the num- 
ber of spore-m other-cel Is which are fertile 
even in forms now living. 

The facts relating to the sporangium 
in S^/tighi^‘//iTf though imperfectly known 
for tlte genus at large, show' that in 
position and in general plan the spor- 
angium is of the usual Lycopod type; 
but that its dimensions are smaller than 
IS usually the case in : the 

difference in origin of the tapetum is probably related to the smaller sikc 
of the whole sporangium* The heterosporous condition appears to have 
brought with it only minor modifications of the original sporangia! type. 
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In the position of the large sporangium^ between the ligule 

and the axis, corresponds to that in though it is here more 

definitely inserted on the leaf-base, and is sunk in a deep depression of 
its upper surface (Fig. 155 b, c, d) ; but these differences of detail do 
not obscure the essential unity of the plan in the two genera^ Instead 
of being a body more or less flattened between the sporophyll and the 
axisj as in Ly^^podium a [id Sthgitieiia^ the sporangium is here extended 
radially outwards from the axis into a broad cake-like body. It may 
best be regarded as a result of such variation of dimensions as has been 





seen in minor degree within the genus Lycopodium, but here carried ro 
greater lengths. The developmental details harmonise readily with this 
view. The microsporangium is naturally a better basis for comparison 
with the homosporous Lycopods than the megasporangium, and it will 
therefore be taken first. The mature structure of a microsporangium is 
shown in Fig. 155 d* which indicates how the very large internal space 
is traversed by the sterile trabeculae : these extend, with many irregularities 
of branching and wing like expansions, which are not shown in the figure, 
from the sub-arcbesporial tissue to the covering wall. The type of t e 
megasporangium is the same, though the trabeculae are here fewer in 
number but more massive, so that the proportion of stenle tissue to t e 
fertile is much larger in the megaspotangium. As the development shows, 
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the trabeculae have a common origin with the fertile sporogenoufi cells: 
there has in fact been a sterilisation of potentially fertile tissue, which 
proceeds to a greater length in the megasporangium than in the micro- 
sporangium. The early development of both types of sporangia is alike 
up to a fairly advanced condition, as is the case also in Seingifte/h ; this 
fact has its bearing on the origin of their differentiated stale. 

The sporangium of L iiuttsfris originates from superficial cells of the 
leaf-base of small number* lying below the ligule (Fig, 165 A,) Phe cell seen 
immediately below the ligule in the longitudinal section of 'the young 
leaf forms the velum ; the rest show some evidence of common origin 
by earlier anticlinal segmentation : this may very well have been so* but 
the comparative interest begins with their periclinal divisions* and it is 
then that a basis appears for comparison with what has been seen in 
Lycopodium. The periclinal division appears first in the central pari of 
the young sporangium, and thence it e?;tends in either direction: in the 
longitudinal section some four or five cells are involved in /. huustniy 
though apparently the number may be smaller in / echifmpffra} (Com- 
paring this with the condition as seen in Lytopodutm^ it ap[>ears to be 
an advance on even the most complex type, such as L. alpimtm ; and 
this is completely in accordance with the radially extended form of the 
mature sporangium of fsotUs* Moreover, the differences be ween W'ilson 
Smith’s description for L cchifmpora and my own for /. Icicf^stris suggest 
that differences of radial extension of the sporangium exist In different 
species of hocks similar to those w-hich have been shown to occur within 
the genus Lycopodum. But there does not appear to be any such cor 
relation of them with the morphological differentiation of the plant at 

large as that which was traced in Lycopodium, and gave a special interest 
to the sporangial differences in that genus. 

The internal cells thus cut off by the first periclinal divisions are 

destined to be sporogenous ■ but the first periclinal divisons thus initiated 

do not absolutely define the future sporogenous tissue : it has been 

repeatedly seen that additions to it may be made by subsequent periclinal 
division of the superficial cells, especially in the middle region of the 

* Wilson Smiiti found in A eehimiptn-a that lie was abEc Co irace ihe orlpiii of Uie 
?il>f>raTiEiuin tiacl; irv longiiudinal scciionii^f^tt)^ a single cell lying boiwtcn ilie 

ligule and ih« iL-af-ljase t this three to five cellii. wliicli 
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ihe spofiinEiiira, Dcjiibiless^lhis is a logical outcome of a lasi 'i^al^'iis of ctfib origins, 
]>rovide<| it 1>e assumed that tall liaiaologous wliicb liave aOj^^rm origin from 
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that of cell-oriirin lo shr>w ^^19 velum was cvtfr a oj;! or anytljing 
bill sierile ? Wiihout such eJiidciii^ |hc incrc fad of common origin frm] a ^cry early 
(meat ion seems a sonwwha^^ ^'^round for the conolusion ^wbi& Wilson Sniitli 

proposesn If this criterion of Ihe plant are 

uUimalely homnloircjus, for (hey all origm^t^(J(^m‘ hiJ Seiiitli, 

1900, p, 335). 
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sporangium (Fig, 165 ie)* Tlie potential sporogenous tissue thus produced, 
after successive sub divisions, forms a very considerable sheet of tissue, 
Several cells in thickness. Of this^ however, only a portion develops into 
spores : in the case of a mictosporangium certain tracts of cells of this 
tissue assume dense protoplasm, and the cells, ultimately separating from one 

another, undergo the tetrad-division, producing 
microspores (Fig^ 165 C, d) j but other tracts of 
ceils, neither showing any regular outline or 
arrangement, nor referable in origin to pre- 
determined cells of the genetic tissue, become 
less densely protoplasmic, and form the sterile 
trabeculae : a tapetal tissue invests the fertile 
tracts ; it is derived partly from the innermost 
layer of the sporangial wall, as in Lycoltodiunt^ 
partly from the superficial cells of the trabeculae. 
A similar differentiation of the potentially sporo- 
genous tissue is found also in the megasporangia, 
the early stages of which are quite indistinguish- 
able from those of the microsporangia ; but in 
the former a relatively smaller number of cells, 
usually lying isolated in the potential spore- 
genous tissue, and distributed with no constant 
relation to their ultimate parent cells* enlarge 
and divide to form the megaspores (Fig- 166)* 
As there is no opening mechanism in the 
submerged sporangia of isoetes,, no basis for 
comparison is yielded from that source. The 
study of the development in Iso^i^s thus leads 
clearly to the conclusion that there has been 
a differentiation, within the sporangia, of tissues 
at first of uniform character \ that part of the 
potential sporogenous tissue remams fertile, but 
a large proportion in the microsporangium, and 
a still larger proportion in the megasporangium, 
is diverted to other uses, and remains sterile- 
As regards the origin of the potential sporo- 
genous tissue, and the form and position of the 
sporangium, there is clear correspondence to the Lycopod type, and 
especially to those forms with the more bulky sporangia : in fact 1 we 
imagine a heterosporous Lycopod, with its sporangium widened out ^ 

along the leaf-surface and its enlarged sporogenous tissue partly sten ise 
so as to form trabeculae, the result would be practically what is seen 

Isoeies. ^ j-imrt 

A study of the sporangia of the fossil Lycopods is a necessary a j 

to that of the modern forms, though the usual absence of developmen 
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detaiU in them restricts the comparison to the basis of mature structure. 
On this footing it appears that the type of sporangium characteristic of 
the sub-genus JJrosiachya^ and showing special resemblance to that of 
Lyc0podiurn Phlegmaria^ dates back at least to the calciferous sandstone, 
for it is seen in Ly^op^diks Stoekii (compare Fig. 147). Sporangia at>parernly 
of the same type have been recognised also in other early fossils referred 
to Lyi&ptfdikSj but their small si^e and the state of preservation do not 
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allow of any exact comparison* Of other apparently nondlgulate types one 
of the best known as regards the details of the strobilus, though its vegetative 
region is still unknown, is Spewet'tks (Fig, if^7)j which has beerj deacri bod 
by Scott and others from specimens showing microscopic structure. Here 
the verticillate or spiral sporophylLs consist of a narrow pedicel bearing an 
upturned lamina; at the base of the lamina is a massive ventral outgrowth, 
to which the distal end of the sporangium is attached by a narrow neck. 
The presence of the ventral sporangiferous lobe has suggested to Dr. Scott 
a comparison with the Sphenopbyllales, though the absence of any vascular 
supply to the ‘Central lobe" renders the analogy somewhat remote. It 
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is doubtful what is the evolutionary relation between the distal and the 
basal insertion of the sporangium upon the sporophyll ; whether the one 
or the other is the more primitive in the Lycopodiahs must be left for the 
present Open, but it is evident that such differences as these are of degree 
only^ iai a type which is constant as regards the numerical relation of the 
sporangia to the sporophylls, and in the coincidence of the median planes 
of both of those parts. There seems little reason to hold that these 
peculiarities of Sp^ncerihi are archaic relatively to those of the ordinary 
hycopodinous type. Comparison does not make it necessary, nor even 
probable, while stratigraphically the ordinary Lycopod type is quite as 
early as Spef^cenUs* 

The same relation of sporangium to sporophyll as is seen in the 
living Ly CO pods is maintained in the Lepidoden droid cones> which are 
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known in many cases to bear ligules, and to be heterosporous, thus 
corresponding more especially to the ligulate series of the Lycopodiales ; 
but this may possibly not be the case for all of them. An examination 
of the details of the sporangium will naturally be best carried out in the 
best preserved specimens, though these may not be generally typical o 
all others* Lepidosiroh^s Schpr., is probably the best preserve 

of Lepidodendrold cones, and it will therefore be taken first. The large 
silieified specimen in the British Museum was first described by Ko et 
Brown, with drawings by Sowerby** The original specimen was about two 
inches in length, and of about the same diameter: it was evidently only 
the upper half of a strobilus, as the internal structure, which is preserve 
with singularly little distortion, shows to be the case. It has been cu 
into transverse, radial and tangential sections, and consequently a veiy 
adequate knowledge of the details can be obtained. The centra axis 

^Linn. vol. xx. See frlw Mis^. of Rohtrt L, P- 5^3- 
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shows a structure similar to that of Lepid&d^udron tiiiri&iirtd} and though 
there is no direct indication of the source of the cone, comparison of the 
structure with that of L^phUdtndrm stemsj and with other r.ep]dodcndioi(J 
cones, leaves no doubt of its being li^e strobilus of a Lepidade^^dron. I'he 
axis bears numerous sporophylls, of which thirteen are usually represented 
in each transverse section : the basal region of each extends horizontally 
from the axis, and supports the sporangium, which may extend for fully 
half an inch along its surface (Fig. J&S). The distal end of the sporo- 
phyll turns upwards, without any peltate expansion ► 
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Comparison of transverse and tangential sections of the cone {Mg. 
169 ij, c) gives a clear idea of the form of the very large sporangium, 
which is a radially extended body, broader and deeper at the distal end 
than at the proximal ; it is attached throughout its length by a relatively 
narrow median, flange like insertion to the upi>er surface of the sporophyll, 
and immediately above the course of its vascular bundle. Comparison of 
its outline with that of the sporangium of shows a very striking 

similarity; but this is not limited to the form only: in Z. above 

'Or to that of Z. according to Solms I^auljadi, /vary Knvl. 
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the flange of insertion an internal ridge of sterile tissue extends upwards 
into the sporangium, just as in Isoeles {r. Fig* 169 b, d), while from it 
sterile processes project further upwards, extending far into the cavity, 
and traversing the mass of the spores (Fig* 169 e)- In the mature 
sporangium they Stop short of the upper sporangial wall, but in the young 
state — as seen in the arrested sporangia towards the apex of the cone — 
they may extend completely across the cavity : in position and in number 
they are irregular, as are the trabeculae of to which they show a 

striking similarity. It seems probable that they are truly comparable to 
the trabeculae of Isf>etesi but, on the other hand, it is possible that they 
may correspond rather to those irregular upgrowths from the sub-arche- 
sporial tissue mentioned as occurring in some of the larger sporangia of 
Lycopodium. The large cavities of the sporangia are filled with small 
spores, arranged in tetrads, and it is probable that the trabeculae were 
of importance in the nourishment of the large sporogenous mass, as 
also mechanically* The \irall of the sporangium in L. Bnmnii consists 
of an outer layer of indurated prismatic cells, supported by four or more 
layers of thin-walled cells (Fig. 169 a). It is impossible to miss the 
general similarity of this large sporangium to the microsporangium of 
Ixodes \ the size, the position, the outline, and the presence of trabeculae 
all point to the close correspondence: a ligule has, it is true, not been 
noted in the fossil j but as only a few sections have been available, and 
as the ligule in other LtpidodcndrCfns is only small, it w^ould be rash to 
lay any great stress upon this negative observation. The points of 
similarity of this remarkable fossil to the fertile plant of Isoetes are such 
as can hardly have been the result of parallel development: they strongly 
support the view expressed above, that the plant of is like a 

stunted L^pidodmdron. 

On the other hand, Brownes cone shows orily microsporangia, while 
hoeies, like certain other LtpidosiroU^ is heterosporous* But the specimen 
itself was incomplete : only the upper part of the cone is represented, and 
it is now known that in other species the apical region bore microspor- 
angia, while the lower bore megasporangia, as in L. Velihtimmnus (Fig. 
170): it is quite possible that the lower portion, which is missing from 
Brown’s cone, bore megasporangia; but on this point there is no positive 

evidence* 

In other LepidostroH the general form of the sporangium is the same 
as that above described : there is great radial extension, while in a number 
of cases a ligule has been found at the distal end, thus corresponding m 
position to that in IsocHu The sporophylls are liable to peltate expansion 
at the apex : they are then so disposed that the doivn ward-turned lips o 
the upper sporophylls are enveloped by the upturned lips of the lowe^ 
thus giving very complete protection to the sporangia. This may be e 
to be a secondary adaptation of their form, comparable to that seen in 
some of the more specialised cones of Zyc<podium belonging to ® 
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s Lib -gen us R/iopi^hsUtchyiti while in the simpler K?('/rf,ji/Sf>-ff>rms the s[jorophy]]s 
are as in L, or, better still, in I’he wall of the 

mature sporangium is frequently represented by the single prismatic outer 
layer alone, the inner thin -walled kyers seen in L, linnstuii being absent : 
this difference is comparable to that seen in Lya/paiinm^ where tl^e niaiure 
wall usually consists of a single layer, but in L. dichahmum of several 
layers^ I'here is also some 
divergence in detail of the 
internal upgrowths from the 
basal ridge ; in most Lfpi- 
dvstrobi these take the forni 
of longitudinally disposed 
plates, of which one or more 
project upwards into the 
sporangia! cavity. Lastly, 
there is the fact of hetero- 
sporyj which has now beeti 
established in a number of 
examples, though it must 
not be assumed for them all 
without actual demonstra- 
tion, Such difTertnees as 
those mentioned are, how- 
ever, of secondary impor- 
tance, and in the general 
morphological character of 
the Lepidodendroid cones 
there is substantial unifor- 
mity as regards the relation of 
sporophyll and sporangium, 
as well as in their form. 

The fructifications of 
Sigdhriti appear as cones 
sometimes sessile, but more 
commonly borne on long 
lateral branches, w'bicb are 
covered below with acicular 
bracts : such strobili are thus more stroiigly differentiated from the 
vegetative axes than is the ease in tepidodmdron. The plan of construction 
of the cone itself appears to have been the same, and though its preservation 
is commonly imperfect, it seems that the spoiangia of Sigiiiuna resembled 
those of LtpidodindrQu in their form and mode of insertion, as also in the 
existence in them of a heterosporous condition. They were sometimes of 
large dimensions : frequently, however, of smaller size. Among them a 
small cone* described by Zeiller as HigUlanQUrdats Cr^pini^ ditTers from 
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the rest in the distal insertion of the sporangium upon the sporophyll, 

corresponding in this respect to 

Taking a. general view of the fructifications of the L^copodiales, the 
most salient feature is the constancy of the numerical relation of sporan- 
gium to sporophyll. In the whole phylum of the Lycopodiales each 
sporangium is subtended by its sporophyll, while the median planes of 
both those parts coincide. In most cases the sporangium is in close 
proximity to the axis, or it may even be inserted upon it : occasionally 
its position is further removed from the axis and inserted towards the 
distal end of the sporophyll : these differences are of secondary importance 
so long as the median position is regularly preserved. It is to be noted 
that such extreme conservatism in number and in place of the sporangia 
is peculiar to this phylum of Vascular Plants, in which also the closest 
relation exists between the sporangia and the axis: in all other types 
the sporangia show not only a less close relation to the axis, but also 
less definiteness in number and in position : there is often, indeed, some 
rough proportion between the size of the appendages and the number of 
the sporangia w^hich they bean 

The type of the sporangium itself is constant, though liable to differences 
in proportion : it is always more or less fan-shaped in tangential section, 
but the angle of spread of the fan is liable to considerable variation. It 
is, however, in the extension rcidially outwards from the axis that the 
greatest differences of proportion are seen, and it has been shown above 
that in the living species of Lycopodium the differences may be correlated 
with the degrees of differentiation of the strobilus from the vegetative 
region; the narrow compressed form of sporangium with relatively thin 
stalk is found in the dess differentiated, the sporangium more radially 
extended with short thick stalk in those with more clearly differentiated 
strobili. The extremes of radial extension are seen in the dendroid fossils, 
as well as in Isoeiei. It would seem probable, as suggested by the corn- 
parative study of the living species of Lycopodium, that the larger sporangia 
are derivative types, and that the enlargement was consequent upon 
increased facilities of nutrition : such increased facilities are afforded by 
the large size of the assimilating leaves in Isoeies ^ but in the more 
differentiated species of Lycopodium, and in still higher degree in the 
dendroid fossils, by the extensive vegetative system which precedes the 
production of cones. The abortion of sporangia, and consequent reduc- 
tion of their number in proportion to the foliage leaves, would tend in 
the same direction. Such circumstances would encourage enlargement 
of the spore-output, which is most readily and directly secured by increase 
in size of the individual sporangium in so hide-bound a type as that o 
the Lycopodiales. The extreme enlargement led to mechariical and 
nutritive difficulties, which were met, perhaps independently, in Lsocicf 
and in some Lcpidodendron$ by the formation of trabeculae: these origi- 
nated in by partial sterilisation of sporogenous tissue. But though 
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there is thus evidence of great fluctuation in size of the sporangia, and 
though the presence of the steriie trabeculae indicates that the limits of 
convenience as regards nourishment and mechanical support are approached, 
still there is no evidence that within the Lycopodinous phylum (as now 
limited by the exclusion of the Psilotaceae) any actual septalion has 
occurred. The relation of one sporangium to each sporophyll, and no 
more, is maintained throughout with some rare except ions^ which as they 
never became characters of a race may be held as abnormalities. There 
is, moreover, no evidence of interpolation of sporangia, those which exist 
are all found to arise in strictly acropetal order. 

Finally, it would seem probable that the heterosporous condition, where 
it occurs, supervened after the individual sporangia had already acquired 
approximately the dimensions and characteristics seen in the different types 
in which it appears. 


CHAPTER XXV. 


COMPARATIVE ANATOMY OF THE EVCOPODIALES. 

It has been already noted that the Lycopods are marked off from other 
Vascular Plants by the simple and regular arrangement of their sporangia 
in relation to the other parts of the shoot : also that the characters of 
the shoot themselves suggest in their simple form and arrangement a 
primitive state. The Lycopods are no less notable for their anatomical 

characters^ and especially those of the Vascular System. They stand apart 
from almost all other Vascular Plants in the presence in their mature axes 
of a stele having peripheral protoxylem, and often showing the solid 
xylem^core characteristic of the protostele. The leaf-traces insert them- 
selves with the minimum of local disturbance upon the periphery of the 

columnar stele, which is further shown by its development to be cauline 

(compare Fig. 67, p. 1^5). Exceptions from this simple vascular construc- 
tion occur within the phylum : but a comparative examination of the various 
forms will show that the non-medullated monostele may be accepted as 
a central type of construction for them all, upon which certain modi- 

fications and variants have arisen j some of these are exemplified in the 
fossils, some in plants now living. The comparisons will be primarily 
based upon the structure of the mature shoot. The same order will be 
maintained as in the description of the external morphology, and it will 
be found that the anatomical complexity follows, with some degree of 
exactness, that of the external form. 

Taking, therefore, first the less differentiated section of the genus 

L}Hi>podiitm^ as seen in L. ^erraium^ or litddtdum^ the cylindrical 

stele is there found to consist of a connected central mass of xyletn of 
irregularly star-like form : the rays of the star vary in number in different 
species, as well as in different regions of the same plant, and are specially 
characterised by the form of the periphery of the rays: these expand 
outwards into a wide-spread, almost fan-like outline, as seen in the trans- 
verse section (Fig. 17 1 c)* Small tracheides forming the protoxylem lie at 
the extreme periphery, while the centrally-disposed metaxylern is composed 
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of larger elements without any parenchyma interspersed between them. 
The spaces between the xylemways are occupied by the sieve tuheSj with 
the protophloem lying at the periphery, while cotijunctive parenchyma 
forms a complete sheath intervening between the phloem and the xylem. 
The whole is invested by a parenchymatous sheath resembling a pericyde, 
but derived, according to Slrasburgerd from the cortex : outside this is 
the endodermis, recognisable while young as a single layer, but later 
obscured by extension of the corky development. A very similar structure 
to the above is seen also in the tliinner branches of Z. a 

species, which as we have seen above, stands in its external morphology in 
near relation to the section Se/ngi?. These species may be taken as reprC' 
senting the structure usually found in the simpler upright, ground growing 
members of the genus. 
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But a more elaborate construction of the stele is found to accompany 
the greater differentiation of CKtemal form. In creeping and climbing stems 
there is apt to be an increase in the number of the protoxylems, accom- 
panied by a development of alternating bands of xylem and phloem : the 
xylem becomes isolated into distinct masses as seen in the transverse section, 
and these are roughly disposed parallel to the surface of the substratum 
(Fig. 171 f). In other cases, and especially in the epiphytes, the xylem 
and phloem are more uniformly distributed, the former as patches em- 
bedded in the latter, as seen in tran verse section (Fig. 17 1 e). Both these 
conditions may be connected by intermediate steps with the simpler type 
seen in L. and as they occur m plants with more specialised form 

and habit, it may be concluded with some degree of certainty that the tyjic 
with a connected xyUm-tract shows the more primitive state. 

It would seem hardly necessary to insist on this rather obvious outcome 
of comparison within the genus Lycopodium ^ were it not that a certain 
misconception, which dates back to the Text-book of Sachs, still survives 
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as to the nature and origin of the more complicated steles of Ly^opoiiuiiv. 
Comparison of these with polystelic stems of SehghteUa long ago suggested 
that tlte former structure was derived phyiogenetically from the latter, by 
the lateral fusion of several distinct steles ; and thus that the stele of 
Lycop&dhim is in reality a compound one.^ Rut the polystelic condition 
seen in son:ie Sclaginelhu is not uniform for that genus, as we shall see 
below : moreover it seems improbable that the simpler, homosporous 
Lycopodiifm should show structural derivation from the he teros porous Sda- 
giHcUii^ while it is only in the more complicated Sclagitteiias that the 
polystelic condition appears: again, the species of Lymp^dium which show 
distinct xylem-plates are in our view morphologically more advanced than 
those with' the xylem more closely connected* Such considerations go 
far to negative any idea of the more complex steles of Ly^opodium^ being 
compound in their origin. Comparison within the genus is usually a safer 
guide in such questions than more far-fetched references ; and in the 
present case it suggests a ddferent explanation, which is as follows: that, 
in a primitively protostelic Lycopod-stock with cylindrical solid xylem, the 
phloem became progressively intrusive as the morphological differentiation 
of the plant increased : at first it appeared in the transverse section as 
occupying a few narrow involutions of the margin of the still connected 
xylem, this then showing the stellate outline, with fan -like peripheral arms, 
as seen in the Sd(igo type. But in others the number of the involutions, 
and their depth became greater, till the coherence of the xylem-tract as 
seen in the single transverse section became interrupted, and the appearance 
of more or less isolated plates with narrow peripheral edges was attained, 
as in L. davatum. I'he origin of the xylem-islands as seen in Z* 
squarrosunt or Z. cerntium was subslanlially the same, the difference being 
that they are not merely intrusive from the margin, but the xylem-tracts 
are actually for some distance occluded in the phloem. In point of fact 
these two types of more complicated derivative structure are not strongly 
differentiated from one another. Thus, from comparison within the genus, 
it may be figured how from the condition of a primitive protostele with 
phloem about its periphery the Lycopod-stele became in the more advanced 
cases a sort of xylem-sponge, with phloem and conjunctive parenchyma 
occupying the interstices. It will be seen later that the simple protostelic 
state without intrusive phloem is represented among the fossil Ly copods. 

The relation of the leaves to the central stele in Lycopodiufii is interest- 
ing, both in respect to the young and to the mature condition. If the 
apex of the shoot be investigated, the plerome-cylinder is seen to extend 
beyond the youngest leaves, to a point immediately below the api^I group 
of cells ; and thus the central region of the stele is cauline m its origin 
(Fig. 172)- The leaves originate from the three or four outer lay^s u 
cells of the growing point, quite apart from the plerome, while procambium- 

iThls is specifically staled in Strasburger’s leUungMfitn, p, 45 ®- 
been retained in hb Text-book, in ihe Geiman edition of 1906^ 
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striands become differentiated in the intervening tissue, which form a conneC' 
tion with the central cylinder: upon this they are inserted laterallyn It is 
thus clear that in the ontogeny of the shoot the leaf is an accessory which 
arises after the stele is already in existence. Its relative unimportance is 
not only apparent from this late origin, but also from the fact that the 
arrangement of the leaves upon the shoot does not dominate the number 
or position of the protoxylem-groups of the stele* It has long been known 
that the number of the xyleni’rays is independent of the position of 
the leaves. In Z. davatum Jones has found that though in shoots 
with simple leaf-arrangement it is usual for the protoxylems to correspond 
to the leaf-insertions, still, where the number of proto xylems is beyond 
six, there is no apparent relation between them and the leaf- insertions.^ 
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When the above facts are taken together, it is apparent that the leaf 
in Lywpudiim is but an accessory appendage, and that the axis is the 
dominant feature of the shoot. This conclusion probably applies for 
Lycopods at large, and it has its important bearing on the relation of 
leaf to axis, discussed in Chapter XI. 

Hitherto no definite knowledge of the anatomy of the smaller fossil 
cligulate Lycopods Included under the name has come to hand : 

whenever such facts are available they will provide interesting material for 
comparison with the modern species of Ly^apodittm. The iigulate and hetero- 
sporous forms would be equally important for comparison with Sda^mdia. 

The discussion of the external morphology of the latter genus has led 
to the recognition of the radial type as relatively primitive* while those 
species with dorsiventral shoots are held to be more specialised and 

^ /Jtiu, Trans. ^ and strifes, vol. vii*, p. 19. 


33 ^ 


LYCOFODIALES 


derivative. Of the former S. s/^tmhsa, A. Br., is the best known, and it 
will be seen that its vascular anatomy, which differs from that of all 
other shows points of interesting comparison on the one 

hand with Lycopodtam^ and on the other with the dendroid Club’Mosses, 
The hypocotyl, and the lower parts of the axis, with its branches, are 
traversed by a cylindrical stele, which is peculiar in having a central 
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Strand of protoxylem surrounded by metaxylem ; this is further invested 
by a narrow band of phloem surrounded peripherally by a sheath 
resembling a pericycle, and by the trabecular endoderitiis so characteristic 
of Sdagindia (Fig, 173): according to Strasburger both of the latter 
layers are derived from the cortex, as they are also in Lyc&podmm^ 
In passing upwards in the strobllus the stele loses its peculiarity 0 
having a central protoxylem : for the strand divides, and the branc es 
diverge outwards to the periphery of the wood, where they appear in 

' LtitttngsbaJinm., p. 45S. 
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number from three to eighty as slightly projectirig groups of small spiral 
tracheides. The condition thus attained is very similar to that seen in 
the simpler types of Lycopodium : or a better comparison may perhaps 




t’jc, 174. 


Ltpids^endron Harntifftti. ^ ^IrAnti.'crje Hseiicm of hitm ; 

C^rl^N \ liotb htre and in ihe oulcr cortvK (hi: I titf^CraceN aro shown aLout natural si». 
£ = ste1fr of j^me | holloa in the middle ; jraj^'ltm-rinf; \ A^-ptccovrlcm-polnts. 

The join ihi: sEtk helwcen thein ; / b, I c^ifTirncc biindk^^ of which (ho outer, 

/rJ'p ihdw sj'ltm JUd phloem [ inner cortex. >£7. (ti'rom Scent’s ^Ufktti iu Fstsil 
Ifotanyt ) 


be drawn with certain stems of Lepidodtndron, The presence of central 
and peripheral protoxylem in different parts of the same shoot should be 
a warning against too great reliance upon such character.^ ; it may, perhaps, 
indicate that the central position was the more primitive^ as is believed 
by some on general comparative grounds. At the same time it is of 
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interest for comparisoti with the Lepidodendroid fossils, in which a 
periplieral protoxylem is found in the shoot, while a central protoxylem, 
adjoining the medulla, is found in the Scigmarian trunks, 

OtEier species of SeltigiH€iIa show further elaboration along distinct 
lines. The simpler dorsiventral species, and even such radial species as 
S. mpesins and oregaifa, show ribbon-like steles with marginal proloxylems, 
upoti which the leaf-traces are inserted. In the more complex cases the 
asis becomes polystelic uiaetp^aii/oha and or in some cases 

solenostelic (rhizome of S. ia€vigatix\ thus resembling similar vascular 
complications seen in the stems of Ferns. These may be held to be 
relatively late, and special developments from the non-medullated, mono- 
stelic type : their origin shows parallelism of development rather than any 
nearer relation with the similar structure seen in the Ferns, 

The near correspondence of the ancient Lepidodendron-type to that of 
the modern Fycopodiales appears not only in their external form, but also 
in their internal structure, though special modifications of type, different 
from those of the modern forms, appear in accordance with the larger 
dimensions so prevalent in the fossils. The similarity consists in the 
presence of a single cylindrical stele, with a centripetal wood, and peripheral 
protoxylem, in relation to which the leaf^traces are inserted with the 
n’linimum of local disturbance. 

The general structure of one of the more simple types may be gathered 
from Scott's figure of Lepid(fd€Hdron Harbour iii (Fig, Jf74)t w'hich shows 
(a) the relatively small proportion of the stele to the whole axis; (fi) the 
peripheral protox3dem, with its relation to the incoming leaf-traces, and the 
uninterrupted metaxjdem, not separated into strands : while centrally a large 
pith is seen hollow in the middle. The steles of L^td&dendron varied in 
structure towards the centre : in some cases such as the very ancient 
Lepidodendrm rh^dummnse^ Renault, and Leptdod^ndrm Solms, 

from the Culm, there was a solid stele, without secondary thickening; 
or, as in Ltpidod^ndron PetiicHrensts^ Kidston {Rt>y. Soc. EdUt^ Pro£*^ 
1906-7, p. 207), the solid xylem'Core was surrounded by secondary wood. 
But often, and especially in more recent forms, the xylem was medullated, 
and in this they differ from modern Lycopods. It is obvious in some 
cases that the pith originated by incomplete development of tissue originally 
tracheidal : this is clearly indicated in Fig, 175. This drawing also shows 
that outside the xylem came a narrow band, probably of phloem, which 
is usually ill preserved, while in some cases there is evidence of an 
endodermis, as in the present case. Thus, putting aside the larger si^e, 
and the medullation which is its frequent concomitant, there is substantial 
similarity in the structure of the stele to that of a simple Ly<op<^diu^, 
or of Ssla^nella spinulo$a at its distal region. 

A more striking concomitant of the larger growth was, however, the 
secondary thickening represented in the majority of the known species of 
Lepidodtndron, though absent from some of the earliest. It was earned 
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out by two distinct ^ones of cambkl activity^ the one immediately siir^ 
rounding the primary xylem, and resulting in a band of radially seriated 
secondary woodj contiguous usually with the protoxylem of the primary 
development. Externally an exiguous secondary phloem appears (Fig. r76). 
Outside the thickening ring of the stele a second zone of cambial activity 
arises in the cortex, below the persistent bases of the leaves : this results 
In the formation of a broad band of secondary cortical tissue, or periderm. 
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Such secondary activity extended from the main trunk into the branches, 
and in some cases into those of quite moderate dimensions. Comparison 
of the various known types of Lepuhdemirm suggest unmistakably that 
even the most elaborate are the result of expansion of a non-medullated 
monostelic construction, to serve dendroid purposes. A first step, following 
on the increasing size of tSie stele, would be the formation of a parem 
chymatous pith 1 this probably originated directly, by the incomplete 
development of a primitively solid Eracheidal core, as is suggested in the 
Case of L. Brownii: and in support of this it is found that tracheides 
and parenchymatous cells may be intermixed in the central region, a 
condition held to represent an imperfectly formed pith 1 it is seen in 
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/,. l\ v'oiiltl [)roh[\lj]e Ihdi Ibe nonimedullated condition, 

So pcTsisl(jnth‘ TnainUiincd in ihc smader living l.yoopods, was the primitive 
also for the larger tknidroid h>5sil^i. The other factor of expansion, by 
catnbial activity, appear:v to have originated independently of medullaiion, 
since it oecnrs Ijotli in medulla ted and iit non-medullated axes. Physio- 
logically it counterbalanced medtillation wliere both occur together, for it 
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substituted an enlarging peripheral vascular supply for the reduction in 
efficiency in the limited central system. This was indeed a necessary 

condition for dendroid develop men L 

However large the proportion of pith to the primary wood became m 
Ltpid&dendrmi^ the continuity of the ring was as a rule unbroken, and the 
leaf-traces were simply inserted upon the primary xylem iviih the minirnum 
of local disturbance. Bui in SigUlarm^ in which the leaves sometimes 
attained a very large sii:e, the case is different : though they show in a 
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essentials the saine construction of the stele as in LtpMminm, they 
illustrate steps towards the breaking up of the primary wood of the 
medullated stele into separate bundles, d'lie details derived from various 
Sigillarian fossils have lately been put together in slratigraphical sequence 
by Kidston,! and his conclusion has already been quoted above (Cha[>ter 
XVIIL, Ph 3 Jo) : he has shown a strong support for the view that the 
condition with primary xylem forming a dosed nn$ surrounding the large 
medulla was the most primitive for Sigi/hriti : such a structure is found 
in the more ancient specimens from the Lower Coal Measures (5. 

Brongn., and S. lirongn.) ; those from the lower Permian, however. 

{S, Brongn., and 5. Rost, sp.) show the primary .'tykm 

as a circle of separate bundles, though some of them may cohere laterally 
in the last-named species. This indicates an evolutionary progression from 
a concrete primary xylem to a condition where it is separated into strands. 
In such forms the pith, being of relatively very large size, the primary 
wood is reduced to a comparatively narrow investment round it, liable 
as we have seen to be broken up into distinct strands. Ihe secondary 
tissues make their appearance* however, as in Lipidmkitdron ; there being 
in $igiUari(i a broad zone of secondary xylem, and a higldy organiscfl 
periderm. It is thus seen that the later Si hr ms have departed further 
in their structure from the simple protostele than other dendroid Lycopods* 
for they show not only medullalion^ and a secondary thickening, but 

breaking up of the primary xylem as well. 

It has been concluded abo^'eJ on the basis of external comparison^ 
that the plant of h&eks is like a partially differentiated Lifithstrnka 
‘ seated upon a Lepidoden droid base. Phe question will now be how far 
its anatomy will countenance such an opinion. There has been some 
confusion in the descriptions given by various investigators, owing doubtless 
to the difficulty in decyphering a com[>lex n^ass of tissues aflected by 
the reduction which follows on an aquatic habit. Hut this has been in 
great measure cleared by Scott and Hill in their Memoir on I^ocks 
hyiirix^ otie of the few- land -growing species,- Nevertheless the terrestrial 
habit of this ]>lant does not greatly affect Its structure as compared witli 
other species, a circtimstance which is held to point to the conclusion 
that hotks is a genus which has long hovered about the liiiiil?^ of terrestrial 
and aquatic life. The statement here given is based upon the Memoir 
of ScoU and Hill. 

The stele of thq mature plant is not composed merely of the united 
kaf-traces, but Is best ii\terpreted as a cauline structure, comisarahle to 
that of the simpler monosleiic l^ycopods, but much shorter than is usual 
in them. The crowded leaf-traces are inserted upon it* the slelar wood 
serving to join, up the xylem of the leaf-traces, but it does not belong to 
one trace more than another, and in structuie it diflers from them. 1 he 

* Trans. Koi}\ Editi. , \\A. xvi. , Piui iiL, Ki>. 27,. 
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diflei entiation of tlie primary ivood is nearly simultaneous over its whole 
area, but ivith indications of centripetal succession. The cambial activity 
starts early, being continuous from that of the primary meristem. As a 
rule the same cambium is active throughout, producing secondary ground 
tissnCt wood) and phloem on its inner side, and cortical parenchyma 
only towards its exterior; but other arrangements are founds while in 
some case^ a second cambial activit}' may arise inside or without the 
first. The adjoining diagram, quoted from Scott and Hill (Fig. 177), 
shows the relatloti of the primary and secondary tissues usual in / 
and it will be noted that the secondtary phloem is internal to the secondary 
xylem ; the cambium lies outside the latter in direct contiguity with the 


?( 



Fjg. 177, 


scettortof list 

cyliiitirie.i] |j.Trl tjl" iJit 5»n-'Lu of is(*eifs NyStrijr. 
,v = yfr-ini:iry wood L rvsSon io whiuli sucogi- 
Jury i iliit in Hvhich 

ht-condaryNytyiH liJLsilovt-loptJ : = Cfi.inL]un:i ; 

; //■ = k 4a. 

ScoLc and Hill-) 


secondary cortex, which arises externally 
From it. The stele which is cylindrical 
above becomes in I. hystrix triquetrous 
below, in L laafsiris it is usually flattened 
bilaterally : the change of form is a 
secondary consequence of the abutment 
of the numerous, successively formed 
root-bases upon it, and does not affect 
the general comparisons. Scott and Hill 
conclude that the anatomy of the stem 
with its solid stele, from which the 
densely crowded small and simple leaf- 
traces pass off, is just w^hat might be 
expected in a stunted Lycopod, while the 
anomalous character of the secondary 
thickening in Isitefes agrees in some 
measure with that in certain fossil Lyco- 
pods. Scott has remarked on the stem 
of Lepidodendr^t^ as having 

an anomalous cambium producing a 


good deal of secondary parenchyma, among w'hich there are scattered 
groups of wood; and he regards this species as exhibiting a primitive 
and rudimentary form of secondary growth. It seems to offer a distinct 
analogy with isoefes. On the other hand, the slight cambial increase 
discovered in SdaghtcUa spirndosa by Hruchmann affords some link as 
regards secondary thickening, though a feeble one, with a living Lycopod. 
The i^general result of this anatomical examination and comparison o 
Iso€i€S is accordingly to strengthen its position among the Lycopodiales, 
and to show that its primary vascular arrangement corresponds in 
essentials to the type as exemplified in living species of Ly^podtxm, 
but much abbreviated, and with the xylem reduced in accordance 
with the aquatic or amphibious habit prevalent in the genus. It a so 
appears that the secondary development, though showing fluctuating 
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anomalies, finds its nearest parallel in certain fossils belonging to the 
Lycopodiales* 

It may thus be concluded from comparative examination of all the 
leading types of the Lycopodiales that the vascular structure of the mature 
shoot is referable in origin in all cases to the non-meduHated monostele. 
This is actually seen existent in the stems of Sel^igtHeila spnul&sa^ though 
in its lower portion the protoxylem is central ; but it is also shown more 
amply developed, and with the protoxylem in the accustomed position at 
the periphery in the upper region of that plants as well as in certain 
stems of Lepidodetidron, Comparative study of the Lycopodiales shows 
that all the variants of vascular structure known in them may be referred 
in origin to this simple type. In Ly^Qpmiium the modification has been 
by intrusion of the phloem more or less deeply into the xylem core, till 

this may at last be divided into distinct plates, or riddled like a sponge. 

In Sdugindla there is amplification in various ways, the most obvious 
being by the adoption of a solenostelic structure, or more commonly by 
segregation of the enlarging stele to form a varying number of meri- 
steles. Among the dendroid fossils, where the demands on the conducting 
system were large in consequeirce of the large si^e of the plants, the 
extended stele became first me du Haled, as seen in most stems of Ltpid&' 
dtndron : and then in the later SigUiaiia% the residual ring of xylem 
became broken up into more or less distinct strands. In these types 

additional vascular tissue was supplied by the potentially unlimited 

developments from an external cambium* Finally, in Isodes a complicated 
structure, partly primary, partly secondary, is found, which would be 
hardly intelligible except when studied in the light of the dendroid fossils ; 
but even this, in common with the rest, is referable in origin to the 
non-meduUated monostelic type, together with the results of secondary 
thickening. The bearing which this constant reference to a primitive 
monostele has upon a strobiloid theory is plain 1 as is also the fact that 
throughout the Lycopodiales the foliar traces are inserted peripherally, and 
with only slight local disturbance upon the periphery of the cauline 
xyleiTi'Core : for this indicates structurally that the leaf is in them all the 
minor, while the axis is the dominant feature of the shoot. 

Scott and Hill rightly point out that the view of the central cylinder 
as cauline applies only to the adult stem of hodet : in embryonic stages 
the construction of the vascular system is from the union of definite 
leaf-traces : this Is the case also in the embryonic stages of certain other 
Ly copods* The question of the relation of these facts to a theory of 
the strobllus will be taken up in connection with the embryology of the 
Lycopods, which forms the subject of the next chapter. 


CHAPTER XXVI. 


EilBRVOLOGY OF THE LYCOPODIALES. 

(A) ELIGULATE LYCOPODIALES. 

In Chapter XIV* the modern aspect of comparative embryology of the 
sporophyte has been discussed. For reasons there stated it was concluded 
that only a minor place in comparisons is to be conceded to the details 
of the initial embryology of the sporophyte : the characteristic form of 
the mature plant* established after the earlier and in considerable degree 
adaptive phase of development is past, is held to give a more reliable 
basis for argument than does the embryonic state. Especially is this the 
case among the Pteridophyta, and it happens that the Lycopods supply 
examples of peculiar interest in relation to such questions; they will serve 
at Once as an illustration, and as a test of the principle thus bi'iefly 
slated. For in the general conformation of their mature sporophyte there 
is a remarkable uniformity throughout the whole phylum : the diflerences 
are those of secondary detail : the main facts of plan and proportion of 
their shoot- and root-systems, of their branching, and of the relation of 
the sporangia to the other parts* leave no doubt of a natural affinity as 
based on the character of the mature sporophyte. But in the embryology 
there are points of marked divergence, which may be more or less clearly 
correlated with differences of character of the parent proihallus. There is 
reason to think that within the genus Lycopodium the prothallus and embryo 
have undergone a cognate divergent development from a central type* 
though the mature sporophyte has still retained a substantial uniformity- 
The differences in character of the prothallus within the genus Lycopodium 
are found to be those of habit and of mode of nutrition rather than of 
fundamental structure. According to their mode of life three main types 
may be distinguished, which* however* graduate into one another in such 
a way as to suggest their intimate connection by descent from some 
common source. I'he type shown by L. ccr/tuum, and shared also by 
Z. inundatum and saiakcnu, consists of a massive cylindrical thallus* of 
which the conical lower part is sunk In the soil* while the upper part is 
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exposed freely above ground, and is of a green colour: in Z, ^crRuuni 
and iriundatum it bears numerous irregular leaf-like Lobes, though in 
Z. salakense the lobes are rudimentary or absent (Fign J78). The pro- 
thaUus is evidently in the main a self-nourishing body, though an endo- 
phytic fungus is almost constantly present, indicating a second but 
subsidiary line of saprophytic nutrition. As the prothallus grows a 
merismatic zone is localised surrounding the upper part of the cylindrical 
body, but below its apex : this contributes to increase both the upper and 
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lower regions, while above it the green expanded lobes are formed. The 
Sexual organs appear between the latter, the youngest being nearest to the 
merismatic zone, 

A second type shows in the ascendant that method of nutrition 'ivhich 
was subsidiary in the first : it is exemplified by the large subterranean 
prothalii of Z. f/rizw/ww/, and afiti^Hnum -. being shut off from 

light these prothalii are colourless, and the leafdike lobes are absent. 1‘he 
massive prothallus is composed of a lower region which takes a conical 
form, the angle of the cone being greater in L. dtmatmn and nnmtinum 
than in Z, comphnainm : it is in this region, as in Z. ctrnuum^ that the 
endophytic fungus is present. The merismatic jsone is active as before at 
its upper limit, and above it is the part w^hich bears the sexual organs, 
but without any vegetative lobes as in Z, arnuum (Fig, 179 b ). It is clear 



In the third type^ exemplified by /. pkkgmaria and other epiphytic 
species, the prothallus is more attenuated, and repeatedly branched- *lhe 
delicate colourless branches extend widely through the dead bark on 
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that the general plan of consiuction of the prothallus Is the same as in 

the but modified in accordance vntli the saprophytic 

method of nutrition* 
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which the prothalll grow^ ai’id they are attached hy hairs ’ivlticli E>soject 
in all directions. Here again a fungus plajs an important part in the 
nutrition, which is e^tclusively saprophytic. The prothalh reproduce readily 
by gemmae, as also by progressive decay, which separates tlie uUiniatc 
branches as distinct individuals. The sexual organs are borne u|>on the 
upper surface of enlarged branches of the ihallus, and are always accom- 
panied by paraph yseSn 

Such different types of prothallus, when studied separately, iijspcar 
widely divergent : and at fust the underlying unity of their coimruction 
Avas less appreciated than the differences which they show' ; so little indeed 
that Bruchmann, to whose labours so many of the itnportant facts arc 
due, was disposed to make those differences the basis of a division of 
the genus Lympmiium into distinct groups, or even genera.^ But l ang, who 
had simultaneously with Jviin been 
at work on the prothallus of /, 
pointed out clearly the 
relation of the diACrgetU tj'pes 
to one general plan, recogttising 
especially how' the prothallus of 
Z. one of the st>ecies 

described by Bruchmann, gives 
the clue to their connection. For 
its prothallus appears to be variable 
in its mode of development (Tig. 
iSo). It is usually a jjale under- 
ground body ; but at nther times 
it grows above ground> aiul is coloured a full green, d he spores apjsear to 
germinate either at the surface or below it. 4'he form of the prollialhis is 
determined largely by the soil in which it develops! thus, the elongated 
cylindrical form is usually found in hrin ground^ though less deeply 
buried than in the : the ihallus seems, in fact, to stretch 

upward as thougli to bring as near to the surface as possible the seedling 
unsuited for subterranean growth. 4 he subterranean proihalli may be 
simple, or be branched so as to take a coraMike form. In more open 
soil, how'ever, and especially near to tlvo surface, the proihalli are more 
compressed and flattened. Faclr prothallus ta[)ers off as in tlie other 

types at its lower end into a conical point, which indicates where it 
issued from the spore, while towards its upper end the sexual organs are 
formed. In the half saprophytic prothalll, grow'n to the surface of the soil, 
the conical form sinvilar to that of other types is clearly seen (h’ig. rKi j : the 
saprophytic lower region, the meristem, and the crow'n bearing the sexual 
organs and [>araphyses holding the usual positions. 

^ thher 4it nfitf dw /JuViri'n-'f i.\ 

Gotha, p. loB. 

^ A if naif of Botany^ xlii., p, 279. 
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In considering these various prothalli it h then clear that they are 
ull modifications of the same conical form : that the several ptts, though 
differing in proportion, have the same positions relative to one another 
and to the sexual organs which they bear^ while the differences are closely 
related to the differences of circumstance and of nutrition. There is 
reason to believe that the full chlorophyll-nutrition was the primitive state 
for them all* and the saprophytic nutrition^ seen in the subterranean or 

the epiphytic types, a deriva- 
j-j tive state* On this basis the 

/^(] \ ^ fir/ifff/r/i-iype would be recog- 

' ■ n relatively primitive, 

specialised than the annotimm 

approach it more nearly than 

follow necessarily that a species 
which is recognised as primi- 
respect of one prominent 
feature, is to be held as primi' 

' applies to L. arnuum-. it is 


VlG. iSir 


leaves : its axis, too, shows 


Mccti^rL Loitgitudihal chiough a ycun^ iJrtulffl Uus. an advanCCd COTldltion of the 

iyrwWwwH /cIhmIwII: wi, root hniis ; , rpi ,,^ fTPnfTal 

Jcrmis 1 >■= the ifiveitinij lisMifl, slOTuJ vv ith r&rrvt material*., StCle, 1 huS in itS 5 
aiid harbouring Jin t ^ophj it : t ^ th« <t mral i f - iht gtiicri- ^Uarnrtcrs / rirnut^m cannot 

live tiHaui: ; flr^arthfljJ^itiiuin i ^ = 7^111^5 embt'i'o h iTWMaiithc. cnaractcrs ternt 

ridix htfLfitiiriE lodflvelof*: haifu s ^g. (After , v ^ ^ COnSlStent pFOtO- 

brucbin;i:iii.> ^ 

typo of the genus. But, on 
the other hand, L. Se/a^ has a prothailus little removed from the condition 
seen in Z. while in addition the sporophyte of that species has 


been seen to represent the least differentiated type in the whole genus. 
On the general sum of its characters it would accordingly take a place as 
a relatively primitive form. But its prothallus shows distinct plasticity in 
the directions along which specialisation has extended to produce the 
more extreme types : on the one hand, its subterranean specimens, with 
elongated cylindrical form, prefigure the more specialised developments of 
Z. compianatum and &nnoiinimi% the compressed and flattened form 
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developed in more open soil suggests the origin of the : 

while its green sub-aerial forms are reminiscent of the cer/iui/f/i typt. A 
plant which shows such plasticity is clearly not far removed from the self- 
nourishing condition of the prothallus, which was probably the primitive 
condition for them all. 



These remarks upon the curiously divergent development of the pro- 
thallus in the genus Zyfo/tcifim/t are a necessary preliminary to tire study of 
the embryogeny in the genus ; for it is impossible to understand the 
comparisons of the different forms of embryo without some knowledge of 
the prothalli which produce them. In all the species of Lycifpifdimn in which 
the embryogeny Is accurately known, an early stage of the embryo is 
found in which it consists of a suspensor^ and of two tiers, each composed 
of four cells (hig. i8z). The first cleavages are variable in their succession^ 
as is found to be the case also in other embryos ; 
but their position shows considerable constanc 3 \ 

It is stated that from the lower tier of cells, 
i.€. that adjoining the suspensor, the structure 
designated the foot arises, w^hile the upper tier 
gives origin to all the other parts of the 
embryo, and the correctness of the statement 
is borne O'Ut by numerous drawings^ lJut after 
the fust Stages are past there is usually no 
sharp limit betw^een the tissue composing the 
foot and that of the other parts: in the simplest 
cases it appears as though the foot were merely 
a region of tissue lying between the suspensor 
and the upper tier, rather than a definite organ 
or part^ Functionally, the foot does not appear 

to be differentiated from the suspensor in the genus Lycopodhuu^ and it 
shares with it the office of maintaining connection with the prothalluSn Not- 
withstanding the initial similarity which thus rules in the embryos of the 
genuSj the further steps of the embryogeny differ according to the different 
forms of prothallus above described; and it becomes a question which of 
the divergent types is to be held as the most nearly reflecting the original 
condition, and which as later and derivative. 
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'I'he type of Z. Sehg(} may be taken first, since it does not show' any 
high degree of specialisation in its variable gametopliyte, while it has 
been seen above that its mature sporophyte is one of the least differen- 
tiated in the genus. Its early embryogeny, so far as is known, conforms 
to the usual type, as above stated. 'I'he foot originates from the lower 
tier, and the various parts of the embryo from the upper*^ But the fool 
is only slightly developedn The upper tier of cells soon assumes a green 
colour and unsymmetrical form, owing to the lateral upgrowth of the first 
leaf or cotyledon, wliile the apex of the axis also originates early, near 


^ itriichmsinn, |>p. 97 -iojt 
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to its base: it is clear that the telatiori of the apex to tlie intersection: of 
tlic first walls I’las been a close one {Fig* 1S3 a), Tl^e axis soon proceeds 
to form successive leaves spirally arranged. The cotyledon and subsequent 
leaves have the ordinary characters of the foliage leaves of the species. 
lUe tissue below soon becomes elongated as the hypocotyl, the length of 
winch is determined by the level at which the prothallus lies in the soil : 
where it is at or near to the surface the hypocotyl may be quite short: 


where deeply seated it lengthens, 
A' /! 


K 
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SO that the first leaves are exposed 
above ground (Fig. 184). It is 
traversed by a vascular strand, 
which is monarch below, but 
near to the first leaf, or later, it 
becomes diarch, and shows two 
lateral tracheidal strands. The 
first root originates exogenously 
from the upper tier, just above 
the foot, and is succeeded by 
other roots of endogenous origin 
at higher points (Fig. 1S3 b)* 
Here, then, is an embryogeny 
characterised by its great direct- 
ness and simplicity* The only 
complication is the varying elon- 
gation of the hypocotyl according 
to the level of the prothallus in 
the soil ; and there is good reason 
to think that this is an immediate 
adaptation to meet the varying 
levels of development of the ganie- 
tophyte in the soil, in an embryo 
which is pertinaciously subaerial* 
The nursing of the embryo by the 
prothallus is not long continued. 


nor is it structurally provided for, there being no development ot an 
elaborate ^"calypira,” as in some other species: the embryo soon escapes 
from the prothallus, and fends for itself. The whole condition of the 
embryo is such as bespeaks a simple and primitive state. Probably this 
vie IV would never have been in doubt had it not been for the existence of 
different arrangements seen in other species of the genus, which happened 


to have been described some years earlier* 

Of these the type which corresponds most nearly to Z, Se/a^ is that 
of X* so accurately described by Treub.^ Here the segmen- 

tation of the embryo, as well as the origin of all the parts and their 
proportions while young, have been fully made out, and appear to be 

* Ann.Jitrd. d£ Suiteti^org^ vol v,, p. 87, etc. 
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substantially the same ; the hypocotyl becomes elongated as the seedling 
develops, and the whole appearance of the seedling resembles that of 
L. The primary segmentation in Z» Phieginuria is according to 

the scheme (Fig. and the lower tier, as in Z, ScIq^o^ forms only the 

foot, which attains no great size (Fig. 185). The upper tier develops 
unsymmetrically from the first, the side which will form the first leaf 
growing more strongly ; close to the base of the cotyledon, and apparently 
lateral ow'ing to the stronger growth of the latter, but in reality terminal, 
arises the apex of the axis ( 1 \ Figs. 185 a, b) ; it is, in fact, initiated in 
close proximity to the organic centre of the upper tier. The root 
(R* Fig* 185 li) also originates from 
the upper tier. A comparison of 
Treub’s drawings of Z, Pkkgmarm 
with Bruchtnann’s less complete 
series for Z. shows clearly the 

substantial similarity of the embryo- 
geny in the two species. It will 
be remembered that the flattened 
prothalli of the latter species, formed 
near the level of the soil, have been 
held to prefigure the strap-shaped 
sexual branches of the FMegmarin 
prothallus, though the latter shows 
its higher specialisation for a sa- 
prophytic habit in its filamentous 
development and in its frequent 
branching. On the other hand, as 
regards the sporophyte, it has been 
seen that the Fhlrgmaria type is not 
one of the highest developed, but is of with iti.mim. 

, ° F ^3- (Afier Bruchinann.) 

associated w'ith Sehgf} in the sub- 
genus Urodackya. This being so, it is natural to find their embryos so 
similar, notwithstanding the difference in specialisation of the prothalli 
themselves. Lastly, both embryos are from the first subaerial ; their first 
leaves are green assimilating organs, and differ in no essential degree from 
the normal foliage leaves. This may probably be held to be a primitive 
condition. 

But in the davaUim-amioiinumA'i^^ the case is different It has been 
seen that there the prothallus is developed underground, often at a considerable 
depth, and this brings with It modifications of the embryogeny* The first 
steps in the development are the same as in the types described above 
(Fig. 186 a); but very soon there is a conspicuous enlargement of the 
tissue of the foot, derived from the lower tier, adjoining the siispensor 
(Fig* j86 b); a large spherical swelling is thus formed, which remains as 
an intra-prothallial haustorium (compare Fig. i7t)B with Fig. iS6c). J’he 
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upper tier meanwhile progresses only slowly : two opposite leaves* one on 
either side of the stem-apex^ appear late as compared with other species^ 
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their position relatively to the foot and to the suspensor not being constant 
(Fig. 186 c). This is ascribed by Bruchmann* to inconstancy of the footr 

1 L.i.^ p. 46. 
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it& greatest development is not always in the plane of the median wall, 
but on that side from which the greatest quantity of nutriment flows from 
the prothalluS} and this brings about a torsion which the suspensor does 
not prevent* In fact, the “foot” is here an opportunist growth, inconstant 
in position itself, and distorting in a variable manner the rest of the embryo^ 
Soon after the origin of the first two leaves follows the origin of the first 

B ^ 
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root, in a position variable relatively to them (Kig. iS6c). I'he embryo 
then bursts the tissue of the prothallus, as a consequence of active inter- 
calary growth of the hypocotyl, which emerges upwards, while the root 
enters the soil downwards [(Fig, i86d). The axis while growing through 
the soil is pale, and bears only colourless scale-leaves, but on emerging 
ultimately at the surface these pass Into green leaves of the ordinary foliage 
type (Fig, 179 a)* The embryology thus described is more complex than 
that of the Stiaga type : its details are plainly in accordance with the 
saprophytic specialisation of the prothallus, and with its position deeply 
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sunken in the soil The embryo is long dependent for nourishment entirely 
upon the large piothallus j hence its swollen haustorial foot, which s de- 
veloped most strongly tn the direction of the largest nutritive supply, reacting 
meanwhile upon the disposition of the other parts of the embryo : in point of 
origin this is the consequence of unequal turgid disteiisEon and division 
of cells of the foot-tier^ which in the ^/ff^-type remain small The first 
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leaves— here an opposite pair, though in other species there is a single 
cotyledon— are only scale-leaves, which may serve for protection of the 
apex in forcing its way upwards through the soilj but this is only a 
derivative function, and it can hardly be doubted, after comparison ivith 
the embryo of L. Seiago^ that the foliage character of the first leaves was 
the prototype, and that the early formation of colourless scale -leaves in the 
cia'Vaiufn-aftfiOti^tuni-\.yp& IS a concomitant of the subterranean habit adopted 
by their prothalli* 
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There remains the type of embryogeny of Z. ctrnimm^ shared in ail 
essentials by L. inundaium} Here the initial steps appear to be like 
those of other species^ but the lower tier of cells which elsewhere foi ms the 
foot remains small, and as a body consisting of but few cells it serves to 
maintain a connection with the parent prothallus (Fig* 1S7)* The upper tier 
as usual originates the several parts of the embr3'0 i breaking through the 
prothallial tissue it emerges early as a free-growing structure ; but it swells 
early into an undifferentiated tuberous body, the "protocorm,” which is 
roughly spherical in form, composed exclusively of parenchyma, and attached 
to the soil by root-hairs. It is occupied by a symbiotic fungus* However 
similar to the swollen foot of the davatimi-Xy'^^ this proiocorm " may 
be, it is essentially a body of different origin ; the foot springs from the 
lower tier of the embryo^ and remains intra-prothallial : the protocorm 
originates from the upper tier, and is extra-prothallial. It was at first 
regarded as a foot which had quitted the prothallus ; but developmentally 
it is distinct, while there is no evidence that an escape of the foot from 
the prothallus ever took place. The protocorm must therefore be held 
to be a bod)' different in origin and nature from the foot in the ckwuium- 
type* The part of the “protocorm” directed upwards bears a conical 
papilla of tissue, which develops into a cyliodrical cotyledon; this is a 
green assimilating organ, with or wirhout vascular tissue : it is succeeded 
by other leaves of similar type, which are^ however, indefinite both in 
number and in position (Fig. 188)* Relatively late the apex of the axis 
is recognised t its position is described as being near to the latest formed 
leaf, and the subsequent leaves arise from it in the usual acropetal succession, 
thus constituting the normal shoot. Close to its base the first root is also 
formed, and thus the normal plant is at length established. 

The existence of a tuberous stage, prior to the establishment of the 
normal sporophyte in these species, has given rise to Treub’s well-known 
Theory of the Protocorm, while the very similar structure which is found 
perpetuated* and annually repeated in the life of Phyil&ghsmm, added 
interest to the question of the real nature of the tuber in /* ctruuum ; 
but before its nature is discussed* it will be well to describe the leading 
facts in Phylhglosstm, The prothallus of Phylhgimsum appears, from the 
description of Thomas,^ to be of the but it resembles most 

nearly that of Z. inundaium . it has, however* no leaf-like assimilating 
lobes on the green crown, which projects above the soil. 'J'he archegonia 
appear upon the assimilating crown, and produce an embryo which is 
similar to that of Z* ctrm 4 um\ it projects early from the prothallus, tlie 
cotyledon being the first part to emerge : this develops as a green assimilating 
leaf similar to those of subsequent years. A “protocorm" is formed at 
once below the first leaf, and apparently in the same manner as the 
adult plant forms its tuber. No root has been observed during the 

*Tredi, BuiL Antu, viik* p. u “Goebd, Baf, Ztit., 1887, n igj. 
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first year's growth. From the description of Thomas it thus appears that 
the embryology is just what would be expected of a plant which bad 
already been recognised as repeating in its annual cycle a development 
similar to that of L. <€rntmm. 

The yearly growth of FhyUo^hssum resembles in many features that 
of the embryo it originates at the apex of the storage-tuber formed 
during the preceding year^ and its pumium vtgetatiotm retains its identity 
as the centre of the new growth. Sometimes only a single leaf is formed, 
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but usually several more In strong plants: they arise in succession laterally 
around the apex^ but are definite neither iu number nor in position. ^ 
those cases where the plant does not form a strobilus, the apex, whic 
lies cervt rally among the leaves, becomes depressed, while the tissue 
surrounding it, continuir^g to grow actively but unequally, a process 
formed which develops into the ;new tuber (Fig. i ^9 ^)- ^ * 

strobilus is formed it arises directly from the apex (Fig. 1S9 C, i>, e)j ^ 
a new provision has to be made for the formation of the new tu er 
This appears adventitiously at the base of the peduncle, as a depressio 
which is carried outwards on an elongating process due to active 
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unequal growth, as m the previous case ^Fig. 189 k, g)^ Couipaiing 

tlie tuber of Phyih^hnsmn with the protocorm of Z. it is clear 

that the relations of both to the protophylls and to the definitive axis 
are the same; fuither, the relation of the foot in the embryo to the 
prolocorrn is as that of the stalk to the tuber in the perenitating 
Phylhghuum. It follows that the tuber in Phydoglm^nm may be held to 
be a protocorm ” repeated 
annually in the lifc'Cycle. 

In Treub^s description for 
L. ccrmtum^ the origin of the 
deSnitive apex of the axis is 
not brought into relation to 
the primary segmentation of 
the embryo. His account of 
it is that *‘at the end of 
the second phase the tubercle 
ceases to grow, and its point 
of vegetation gives rise to 
the vegetative cone of a leafy 
Lycopod'Shoot," eteJ Nor is 
the origin of the axis dearly 
made out by floebel for Lyc^ 
inundatum^ though its dose 
relation to the cotyledon is 
again recognised.^ But the 
continuity of existence of the 
apex, which may be traced 
throughout the development 
in Pkyihgkmtm^ suggests a 
similar continuity in L. cer- 
mmm and inundaUim. I 
venture to think that a 

renewed investigation of the embryology of these species, especially in 
their simpler types, would bring them into line with other Lycopods, and 
show that the apex originates as in them from the central point of the 
upper tier of the embryo 3 but that the assertion of its characters is 
correlatively deferred, and its identity disguised by the early prevalence of 
the tuberous swellings and consequent irregularity of the first leaves, 

Treub^s theory of the protocorm" has already been considered in 
Chapter XVII, Reasons were there given for not sharing the opinion 
that the tuberous developments seen in the embryogeny of L. 
and inuitd^xtum represent a primitive condition once wide-spread, Fhe posi^ 
tion was not accepted that the protocorm embodies an early evolutionary 
step towards the establishment of a free sporophyie prior to the formation 
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of a root. An alternative view' was there propounded that the Lycopod 
eitibryo is a body prone to parenchymatous swelling, and that the 
protocorm is a consequence of secondary specialisation. It remains to 
group the facts of embryogenj in the eligulate T.y copods in accordance 
witii that alternative view. 

The simplest type of embryogeny in the genus is that of Z. Se/a^o, 
a species already recognised as primitive in the characters of the sporophyte- 
The embryo accommodates its growth in length to the level of its parent 
prothallus ; excepting for this the embryo is of a constant t)'pe, without 
any complications of parenchymatous swelling. I regard this as a primitive 
condition for the genus, and the main features are these : a suspensor 
and foot of moderate si^.e, passing directly into the primitive shoot, which 
escapes early from the prothallus, and expands its first leaves as green 
assimilating leaveSn The apex of the axis, which provides a definite leaf- 
succession, is established early at the centre of the upper tier ; the first 
root is formed early and exogenously, and it is followed soon by others of 
endogenous origin. Thus the young plant is simply and directly set up 
as an independent unit (Figs. 183, 184). The type most nearly corre- 
sponding to Z, IS that of Z. jTMggmayia. Notwithstanding the pro- 

nounced saprophytism of the prothallus, the embryogeny is practically 
identical in all essentials with that of Z. though more exactly 


worked out (Fig. 1S5). But it is different with the 

Here the primary embryogeny is the same as in Z. Phlegmaria^ but the 
deeply underground position of the saprophi tic prothallus necesskates longer 
and more efficient rrursing of the embryo before it can establish Its 
physiological independence. The absorptive surface and storage capacity 
of the embryo are accordingly enlarged by parenchymatous swelling of 
the foot. The directness of the adaptation is here indicated by the fact 
that the enlargement is on whatever side is nearest to the greatest source 
of supply. The late differentiation of the several parts, and the tardy 
emergence of the embryo from the prothallus^ are all in accord with the 
necessarily longer nursing period ^ while the colourless scale-character of 
the earliest leaves is also a natural and secondary consequence of the 
subterranean embryogeny. It is not difficult to see in the davatim ^W^ 
an embryogeny essentially like that of Sdago, but secondaril)' modified in 
relation to the subterranean habit of the prothallus. This accords well 
with the fact that the species included are more highly specialised than 
L Schgo as regards the characters of the sporophyte (Fig. 1S6). 

q'he ^rnuiim-inundatjrm-xy^^ on general characters of its prothallus and 
.norophyte takes a middle positien. The embryogeny opens as m other 
Lycopods: hot the foct-tier, which is enlarged in the — »-type here 
remains small. The origin of the cotyledon is as in A S^ago, but the 
selling in the upper tier, which begins early on the side dirtied down- 
wards profoundly disturbs the subsequent arrangements, so that detatle 
comparisons become difficult, and. as a consequence, the origin of the axis 
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is stin obscure. The type of leaf seen in the cotyledon is repeated in 
the " prolophylls/’ but without definiteness of position or number upon the 
enlarging tuber: their sequence is closed at last by the activity of tlve 
stem-apex, close to which in time and in position the first root ap[>ears. 
It is as though a rootless phase of morphological anomaly, initiated by the 
parenchymatous swelling in the upper tier, were intercalated in the regular 
embryogeny of the Seiag& type, immediately after the origin of the cotyledon: 
and after a period of digression the normal embryogeny were then resumed. 
The swelling is associated in Z. cerimum and inundatiwi with the entry of 
a mycorrhual fungus, which occupies the tuber i it must at present remain 
uncertain whether or not this symbiotic state is the cause or a mere 
concomitant of the tuberous condition: and what the relation of it to 
the late appearance of the root ; but given the tuberous state, the other 
anomalous foliar conditions readily follow. The proneness of the Ly copod- 
embryo to such secondary swelling as contemplated is seen also in the 
embryos of the davatum-Xypt -. it is also shown b}^ the repetition of such 
swelling upon the roots in L, {ttnuum itself, as have been fully described 
by Treub. 

The of embryo is shared by L. wittidafum, but not in 

its extreme form. It is this species rather than Z. cermn/m itself which 
gives the link to Fhyiioglossrufi. The strobilus of the latter is like a very 
simple strobilus of Z* imtndaittm : this species, as is well known, perishes 
in winter, excepting the tip of the trailing stem, which perennaies. If 
such a condition were still further prepared for, and condensed by the 
formation of an adventitious protocorm in cases where the plant has been 
fertile^ or of a similar body as the product of direct apical growth where 
the plant of the previous year was sterile, the condition of Phylloglossum 
would be attained. It is interesting to note in this connection that CJoebel 
has found that adventitious protocorms are formed in Z. a fact 

which strengthens the suggestion here made.^ It would thus appear that 
Phylloglmsurn^ so far from being a prototype nf Lycopodinous development, 
is more probably a specialised offset from it. I still adhere to my thesis as 
stated in 1885, that “it is a permanently embryonic form of Lycopod."^ But 
it may now be added that the characters which it repeats each year appear 
to be those of a secondary rather than of a primitive embryonic type. 

And thus the embryogeny of the Eligulate Lycopods, so far as at 
present known, conforms to a single central scheme with variations upon 
it. The type of Z, Stlago^ the only species of the section of 

the ■ genus in which the embryo has hitherto been observed, is held to 
be the most primitive, as it is certainly the simplest. The rest may be 
held to be secondary variants on that type, due to changes for the 
most part biologically intelligible. 

18S7, I'Uie II., Fig. 32. 
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It IS an unfortunate circumstance that the embryogeny of fossils is 
usually inaccessible, for that of the dendroid Lycopods 'vould greatly 
strengthen views as to their relation to modern forms. As it is, S^h- 
^^inella and hmks provide the only facts of the embryogeny in the 
Ligulate I.ycopocls : it will be seen that they are strangely divergent in 
the form of the embryo. 

It has been pointed out that spiin/hsa may be held to 

be more priniittve as regards the morphology of the mature plant than 
the dorsiventral species of the genus ; and further^ it has been seen that 
it differs from them anatomically, showing a vascular structure which is 
probably more primitive also. This gives a special interest to its em- 
bryology, which has beeti fully worked out by Bruchmann.^ The early 
Stages are essentially as in Lyaopodmm^ resulting in a suspensor, and two 
tiers of four cells each, forming the embryo : the whole structure is at 
first straight, with the apex flattened (Fig. 190 a, u). The suspensor 
remains as in Lywpodhmu and is a means of thrusting the embryo down- 
wards into the tissue of the prothallus. The lower tier of cells of the 
embryo (/f, that between ivalls k, k and iv., iv. in Fig* 190 a and c) itself 
forms the hypocotyl, which may here be greatly elongated and curved, 
and becomes thus a prominent feature of the embryo ; at its base, in 
close relation to the suspensor, the first root arises in a lateral position. 
The products of the upper tier at first remain small {U. above wall 
IV., IV., Fig. 190 A, c): the formation of the first cotyledon may in some 
cases be long delayed, sometimes it may still be wanting even when the 
axis has already curved obliquely to the suspensor. The second cotyledon 
may be even longer delayed ; in some cases it only appears after the shoot 
issues from the spore* But sooner or later two opposite but unequal 
cotyledons successively make their appearance. Their orientation relatively 
10 the suspensor is liable to vary. The apex of the axis, which has no 
single initial cell, lies between them, originating from the centre of the 
flattened apex of the embryo (Fig* 190 a, C, i>), As the hypocotyl 
elongates the embryo curves so that the axis takes a vertical position, whfie 
the suspensor is pushed to one side by the growing root* Finally the 
shoot emerges above ground, and the two cotyledons, developing at last 
to equal size, appear as green assimilating leaves (Hg. 190 hJ. 
According to Bruchmann, no enlarged -foot” is formed m this species, 
and the same appears to be the case in SeiagMia ^pus. 

Cot^p^ring this embryogeny with that ao weil known .n .S. 
there is essential similarity in the disposition of the parts. The 
difference lies in the presence of an haustorial swelling o t 
in 5. Marhnsii, which has been called a oot, an in a(.(.ofds 

single initials are found at the apices of stem and root. 

^Unttrs. utter '' Self^tieU^ ” Gotha. iS97- 
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with the mode of development of these parts in mature plants. For 
the variability in haustorial development within the genus the study of 
the embryology of Lycopodium has already prepared the way. Both genera 
demonstrate the inconstancy of the haustorial organs of the embryo, and 
justify my conclusion of more than twenty years ago, that these swelhngs 


C 



of the hypocotyl arise when and where they are required, and are not 
to be held to be clearly defined or constant morphological members,^ In 
both of the points named it would seem probable that S. spimdosa 
represents a more primitive type than S~ Markmit^ 

Comparing this embryogeny with that of Lycopodium, it seems remark- 
able that the similarity of detail should be so great when the difference 
Quarts /aum. xkIL, 2^2^ etc. 
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of the piirt?ni prothalli is so marked’ the difference being bet^veen a 
free-growing^ self-nourishing bisexual prolhallus in Lyc^podittm^ and an 
endosporicj unisexual, storage prolhallus in Sclaghidlu. The early form 
and structure of the embryo^ consisting of a pin ri cellular suspensor and 
two tiers of cells of the embryo, is virtually the same in both cases^ In 
the later development the nearest similarity is between L* and 

. 9 , : there is in both a marked cloi>gation of the hypocotyl, with 

the first root originating laterally near its base : there is the same absence 
of any determinate foot : and as a rule the same origin of a first cotyledon 
laterally* with the apex of the axis between it and the next-formed leaf 
rhe axis thus originates in both in close relation to the intersection of 
the primary segmentation-w'alls of the upper tier of the embryo^ One 
point of difference is in the part played by the lower of the two tiers 
of cells of the embryo: in Lycopodimn it remains in close relation w'lth 
the suspeusoTs and may be more or less swollen into a foot in some 
species; but it does not elongate, or form any permanent part of the 
embryo, the whole of which originates from the upper tier. But in Sda- 
gifidia the lower tier elongates to form the greater part of the hypocotyl, 
while the first root originates from its base. The position of the root 
relatively to the other parts is otherwise alike in Z. Sehtgo and in Z. spiftahsa. 
The similarity of the embryogeny of the genus S^Iagiitdla to that of 
Lycopodium is thus established by comparison of species both of which 
are held to be primitive in their respective genera, on the basis of com- 
parison of their mature sporophytes. 

At first sight the embryogeny of !$otks seems to differ radically from 
that of Sdagifielia^ notwithstanding that the endosporic prothallus is so 
similar in both cases. The key to the difference is first the inversion 
of the embryo, as compared w'ith Sdagindict-^ and secondly, the entire 
absence of any representative of the suspensor : what remains in Imtti 
may be held to correspond to the product of the tiivo upper embryonic 
tiers only.^ 

The first division of the zygote is by a wall more or less inclmed to the 
axis of the archegonium,, but occasionally almost including it (Fig. 191 ■ 

this indeterminate position of the basal wall " is theoretically important, 
as bearing on the inversion of the embryo in the archegonium as com- 
pared with that in Lyc&poditm or S€iagiudia\ the variations seen in 
hodts suggest how that inversion may have come about. 7 he two tiers 
thus initiated are usually called the hypobasal and the epibasal; but the 
octant divisions commonly seen in other embryos are not always clearly 
defined in hodes. The hypobasal tier here forms the foot only: all the 

J On this point the fa^ts have been belter made out in Z. phhgin^da and Z. 
than in Z. Stlaga ^ but the faets for ihe latter, 50 far they £o, are consistent wllh the 

same conclusion. 

^See Campion, and Ftms, p. .54 S, etc. 

iSSi* p. 7^1- 


Also ECieniCf-GerlolT, Bcf. Zdt., 
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other parts originate from the epibasal tier: the cotyledon with its ligule 
is the first part to be orgariised : it is followed soon by the first rootj 
which arises at the opposite side of the epibasal tier to the cotyledon 
(Fig. igr c, D, E, f). Between these parts a slight depression is formed, 
and it is surrounded by a semicircular ridge: within this the apex of the 
axis is at last organised^ and it soon gives rise to the second leaf, which 



Fil. 391. 

Isoftft Dur. K 565. ^=an ^^ = i^ twy 

CtlksO tmliryfl wititin tljc Arthc^nium. fJy /I’^iihrec successive hCriTcntH-^l section 4 
i>f Ht ndvAnccd cmliT'jro ; A^aiout } | v itj, 

C = inedinn Icn^itiidiniil seclion of a entbryp ; /=|pgalc. X fx^inedLan 

scclion of a yexung Nporopln'lc wilh second leaf, if, nlreAdy Tornied : second root ; 

l/Eslcrn npcK. X lyi^ (After CampthrU,) 

faces the cotyledon : the very exiguous apical cone lies between them 
(Fig. 1 91 o)* And so the shoot is established, bearing successive leaves 
with spiral arrangemeni, and successive roots, of which the second is below 
the base of the second leaf. 

Comparing this apparently divergent embryogeny with that of the 
Lycopods above describedi if the whole embryo be imagined inverted 
in ilB orientation relative to the archegonial rieck, and their suspensor 
be imagined entirely away, then the two embryonic tiers may be com^ 
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pjired wid’t tho&e seen \n /sf^t tes. Here^ as in L St/agf/ and Z. P/i/egvn^Ha^ 
llie l\vpobasai tier forms the suctorial organ onlyv and takes no direct 
pan in the establishment of the plant. 'Fhe epibasal tier is like that of 
/. ^ as regards the parts which it initiates and in the positions 

^vhich they severally hold, but differs in its growth in leirgth being 
stunted, and in the early ascendancy of the cotyledon, which condition it 
shares, however, in some measure with Z. : it differs also in 

the late definition of the apex. But the position of the latter relatively 
to the whole embryo is the same, for the stem originates in dose 
relation to the centre of the upper tier of the embryo, as it does in 
all the Ly copods where the embryogeny has been exactly followed. The 
apical cone is small in bulk and late in appearance, these being probably 
correlative consequences of the early advance of the cotyledon. It is 
thus possible to see even in the embryo of /s&e/cs some clear relation 
to the plan which, with such curious modifications, underlies the embryo- 
geny of the Lycopods. 

U'e are now in a position to enunciate a comparative view of the 
embryogeny as known in the Lycopodiales, and to state it so as to place 
the several curiously divergent types in what is believed to be their 
natural relation to a probable primitive embryogeny. In so doing pro- 
minence is given to the more constant features, while only a subsidiary 
place is given to those characters which are less stable. 

In those Lycopods in which the embryogeny has been exactly followed, 
the embryo consists of a suspensor and two tiers of four cells each 
composing the embryonic body ; the two tiers are separated by a wall 
which may be called the basal" wall (Fig, iS? j^). This seems to bo 
a general condition, subject only to minor modifications : in 
however^ the suspensor is entirely wanting* In the very various develop- 
ments which folloWj the most constant feature is undoubtedly the close 
relation of the stem-apex to the point of intersection of the octant-walls 
in the epibasal tier. In the simplest cases the axis of the embryo is 
thus defined at once as lying between that point and the base of the 
suspensor. The ivhole embryo is thus primarily a spindle like bodyj and 
this may be held to have been the primitive condition for them all. 

liui ihh simple form is subject to early modifications, which disguise 
the position of the axis by delaying its apical growth, and by distorting 
the form ; so much so that the position and identitj' of the apex is liable 
to be lost* The least distorted types are those of Z. Se/s^io (Figs. 183, 184) 
and Phkgmaria (Fig. 185), and of 5 . spitmima (Fig. 190), all plants which 
are relatively primitive in their genera as recognised by the characters 
of the mature sporophyte. In Z. Sela^o and no haustonal 

swellings exist. The early development of the single cotyledon at first 
throvrs the apex of the axis to one side, but this is rectified later when 
the second leaf appears on the side opposite to the first. The apex thus 
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" righted is then carried up together with the two kav-es by the eloiig^ 
atiug hypocotyh while the first root appears laterally at its base. Ihe 
whole arrangement is relatively simple, but illustrates a slight degiee of 
distortion of the apex^ which is, howevert temporary only. 

In the ciaviUiiithiy^^ {Hgs, 170^ 1K6) the hypobasal tier is enlarged, 
and curved to one side, with correlative late diflerentiation of the epibasal 
region, and absence at first of localised intercalary growth. Ihe orieti- 
tation of the foot is not constant, but it is directed towards the chief 
source of nutriment, a fact which indicates its opportunist character. In 
the epibasal region the apex of the axis is clearly of central origin, 
between the two small but CQual cotyledons, which appear relatively late. 
The root originates in a position corresponding to that of the former 
type. The whole embryo may be held to be a biologically intelligible 
modification of the consequent on the underground habit of 

the large mycorrhi/al prothallus. Flie enlargement of the haustoriat foot 
leads corrclatively to slow' development of the epi basal region, while the 
first leaves, having no nutritive function, are not hurried on in their 
development so as either to distort or to produce correlative reduction of 
the apical cone. 

In the fernmm xy^t (Mgs. 1S7, 1S8) the tuberous .swelling i.s not in the 
hypobasal but in the epibasal region, and it profoundly disturbs its develop- 
ment. The biological cause of the swelling, which is extra-pmthallia] and 
liable to repetition, may be the intrusion of the symbiotic fungus which is 
present, or there may be some other reason for lite tuberous development, 
associated as it is with the late origin of the root. But whatever the 
cause, the form is such as might be expected in a secondary tuberous 
modification of a green leafy shoot of a young Lycopod. fhe bulky 
development below, and the rapid enlargement of the assimilating leaves 
act correlatively in keeping the stem-apex inconspicuous. Its identity 
throughout the embryogeny of Z. w/www itself is not yet demonstrated ; 
but in Pkyihghszum the definitive apex of the slioot has been seen to 
coincide with the apex of the tuber (Fig, iSy); it is therefore probable 
that in the embryogeny of Z. cernuujfi the apex of the axis is present 
in the very young embryo in the usual position, but has escaped recog- 
nition owing to its correlative diminution. 'I'hc protophylls would then 
be leaves of the normal type, altered in relation to the gouty habit of the 
axis vi'hich bears them, and disposed in an apprently irregular and isolated 
fashion upon the swollen axis. The root is long deferred, [jcrhaps in 
relation to the myctirrhiKal habit; but when it does appear, its relation to 
the leafy shoot is like that which it has in the other types of the genus. 
Ihe normal leafy shoot and the root-system, thus delayed by the gouty 
interlude called the ** protocorm,” ultimately tontinue their development 
as in other Lycopods. 'I’hus the dilTerent types of the genu.s appear to 
Stan alike, and when established in the .soil continue alike, but show- 
divergent intermediate phases. The simple development of /. Sf/ago and 
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Phkgmt\yia is believed to be primitive, the turgid developments of Z, 
thnnitum^ cernifum and ai’id also of Fhylioghnum^ are believed 

to be secondary. 

The einbryogeny of S^hiy^ineUa (Fig* igo) corresponds in all essentials to 
that of Lycopodinm, and shows otily minor distortion or swelling. In the 
simple case of spififfksa the apex of the axis originates as before from 
the centre of the upper tier ; the active growth of the first leaf throws 
the apex of the axis to one side; but it is “righted” again on the 
a]>pearaiice of the second, and the identity of the apex is clearly 
maintained throughout. The whole epibasal tier is then carried upwards 
by intercalary growth of the hypobasal region, but the hypocotyl thus 
formed is without lateral swelling, and the first root originates laterally 
at its base. As regards distortions^ this ease is quite similar to that ot 
Z. Sc/ijgv or But in other Se/agi;i^//ast as exemplified by 

S. Afarkttsk\ the cotyledons arise equally, as indeed they sometimes 
do in S. spifi/fkia, and the temporary distortion of the apex does not 
appear : but a lateral swelling, absent in S. spina/osa, constitutes the 
“foot."' Thus shows only minor and (inconstant deviations 


from the simple type. 

The embryogeny of ptJefes is less easily compared, but the following 
tentative suggestion is given (Fig, 191). The suspensor is entirely absent, 
and the embryo, composed only of the two tiers corresponding to those of 
other Lycopods, is usually orientated so that its apex is from the first 
directed towards the neck of the archegonium. That the rotation necessary 
to bring this about may occur is indicated by the differences of position 
of the basal wall noted by Campbell, d’he product of the hypobasal tier is 
the haustorial foot only : the upper tier hastens at once to form the large 
cotyledon, wfith the effect that the stemapex is delayed, and remains 
minute: it only becomes clearly recognisable after the appearance of the 
second leaf opposite the first. In relative position, however, these P^rts of 
the shoot correspond to those of S. spinahsa or Z. Fhkgmanii. The 
first root originates from the epibasal tier as in Lyc&podhm rather than 
Stla^ndla, and unlike Z. Fhkgmaria and .S', spmuloia on the side opposite 
to the cotyledon ; but the orientation of the root relatively to the coty e- 
don ha^ been seen to vary within the Lycopodiales, so no great importance 
need attach to this discrepancy. The primary embryogeny of hodei may 
thus be held as related to that of the other Lycopodiales, but without a 
suspensor, and greatly abbreviated, and with the apex of the axis correlative y 
reduced and delayed in Us development, owing to the early production 
the cotyledon and the root. Nevertheless, its position at the centre o e 


epibasal tier is maintained* , * 

It is thus seen that the embryos of all the Lycopodiales may 
as variants on a single type, and fundamentally of spIndle-like form. 
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SUMMARY OF THK COMJ'AKATIVi; EXAMliYATtOX OK THE 

T.VCOPODI ALICES. 

The sporoph}le of the Lycopodiales has now been studied cuinpara- 
lively as regards its external form^ its spore-producing members, its 
anatomy, and embryology* The conclusion arrived at from all lltese 

quarters is favourable to a strobiloid origin, with subsequent specialisation 
along lines variously divergent. By the comparison of known representa- 
tives of the Lycopodiales, living and fossil, certain characters have been 
recognised as relatively primitive, others as derivative: and thus a general 
idea has been obta tried of a primitive type of Lycopod-sporophyte, which 
forms the basis of a theory how such a sporophyte came into being. In 
form this primitive sporophyte was probably a simple, unbranched, r.idially 
constructed shoot, endowed with unlimited apical growth, while local 
intercalary growth might also occur. The axis bore undifferentiated leaves, 
each of which had one sporangium associated with it in a median position. 
It was rooted at its base, but the origin of the root may be held 
to have been accessory in evolution, as it is seen to be late and variable 
in the individual development. The internal construction of the shoot 
showed a non med till ated monostele, continuous as a cauline column to 
the apex of the axis, while the foliar strands were inserted with but sWghi 
local disturbance upon its jjeriphery. Its sporangia were kidney-shaped, 
and not greatly extended radially. The primitive body thus sketched in 
its broad outlines was derived from a spindle-shaped enibryo, without 
any haustorial swelling, or tuberous protocorm. 1’he theory of the 
slrobilus, as enunciated in Chapter XI., would adequately account for 
the origin of so simple a sporophyte as this, from a still more primitive 
body, with sterile base and fertile apical region, by segregation of the 
fertile tissue into separate sporangia, and by enation of sporophylls. 

The nearest living representative of such a sporophyte which has been 
adequately investigated is Lympodiurn \ but it is to be remembered 

that this is the only one of 39 species of the of the genus 

so examined, and there are indications, derived as yet from external 
characters only, that other and more ijrimUive types than Z. exist 

among them : these await further investigation, fbe first leaves formed 
on the embryo of Z* are lateral in origin, and become aerial and 

green, but are sterile: sporangia were noted by Bruchmann,' as first 
appearing after the second branching of the axis, which, how-eve r, is 
early as compared with the other European species, though not as 
compared with the large Andean forms. 'Fheir early appearance, as 
well as the similarity of the sterile and fertile leaves, coupled with 
the evidence of abortion of sporangia in the upper region, all point 
to the conclusion that originally all the leaves were sporophylls whilc 
all arose laterally upon the axis. 

, p. 100. 
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From such a stcirliug-IJOiiif various lines of elaboration may be traced* 
open often to ready biological e^planat^ons t and these appear to have 
run in some degree parallel in the ligulate and non-ligulate seriesn The 
steps 'ivhich may bo traced on a basis of comparison are as follows : 
First, the progressive sterilisation by abortion of sporangia increased the 
vegetative region : this led to more definite specialisation of the strobilus: 
in the tnore advanced forms the sporophylls are no longer nutritive* but 
only protective in function, so that the differentiation of the nutritive 
from the vegetative tract has become clearly marked, d’he vegetative shoot 
once distinct from the propagative strobilus was susceptible of various 
specialisation. In the dendroid fossils it attained large size* with secondary 
increase of its tissues, both stelar and cNtra-stelar* but still it maintained 
Its radial symmetry. In the smaller forms, the straggling or climbing 
habit led not uncommonly to dorsi ventral development* which occasionally 
extended to the more conservative strobilus itself Such advances were 
accompanied by various elaboration of the vascular tissues, such as 
medullaiion, disintegration into separate strands, or even into meristeles. 
But these are all referable back in origin to the primitive monosiele* just 
as the variations of external character are referable by comparison to the 
primitive strobilus. 

The sporangia all conform to one general fan-shaped type, w'ith 
singular constancy of number ai^d position relatively to the leaves. But 
the dimei’Lsions vary, and at least in Lycopodium there is a relation 
between the si^e of the sporangium and the definition of the strobilus: 
where the shoot is undifferentiated* as in £. Se/age, the sporangium is 
radially compressed : where the strobilus is clearly defined, and the 
vegetative region more specialised, as in Z. c/avaiam or aipifiufUt it is 
radially elongated. 'Fhe most extreme cases of this are found among ih* 
ligulate forms, as in the dendroid fossils with their ample vegetative 
system. But, on the other hand, this relation is not constant* for 
the sporangia of /socles are radially elongated, though there is no 
differentiation of the strobilus, while the sporangia of Seiaghdia are 
compressed, though the strobili are clearly defined. One of the most 
interesting points in these large sporangia is the partial sterilisation o 
their sporogenous tissues, probably to meet mechanical and nutritive 
requirements: sterile trabeculae are thus formed in the sporangia o 
Isoitt,, and in cetuiin This leads towards a condit.on 

of septation, but in the Ljrcopods the step is never taken to coinplete 
partition of the sporangium. Finally, the heterosporous dlBerentiatioii is 
probably a condition assumed after the character of the sporangiutii wa 
already defined, and it has not greatly affected the general niorpliology 

of the shoots where it has occurred. . .. . j t„ 

In the eligulatc aeries the embryo is simple and spindl^shaped. 

L which on other grounds is regarded as a primitive type, ' 

grows directly and without complications Into the seedling, with its green 
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a^sitnilatirig leaves. In other cases it shows various niodifications. Where 
the thallus is buried deeply underground* as in Z. ciava/um^ the loiiver tier 
of the embryo enlarges as an haustorial fooh while the first leaves are 
modified into colourless protective scales* evidently a secondary condition. 
In the £erntiiim-iyp^ and in P^fyiioghssum a distinct extra-prothallial 
sw^elling appears in the upper tier of the embryo, disturbing the position 
and even the arrangement of its parts. Sinc^ the first stages of this 
embryo resemble those of other Lycopods, and since the normal shoot* when 
ultimately established, is also of the usual Lycopod type* it is concluded 
that the sw'oHen stage, styled the ‘*protocorm” by Treub, is a gouty 
interlude, introduced secondarily into the normal deve]o[>ment, and not a 
stage of general sigtiificance In the ligulate series, Sehghteiia spimihso^ 
which is held as a relatively primitive type on comparison of its mature 
sporophyte, the seedling is very similar to that of Z. Seifiga^ notw'ithstanding 
the striking difference of their prothallu But the simple spindle^form 
which it show^s is departed from in other species, by the lateral formation 
of a swollen haustorium ; this " foot is again held to be a secondary 
development. I'he apparently divergent embryogeny of Isoefes is carried 
out without a suspensor, but the position of the parts in relation to the 
greatly abbreviated axis is essentially similar to that in Sciagim^ih. It thus 
appears that in both series the most primitive type has an embryo in 
the form of a simple spindle : it forms its first leaves as normal green 
foliage leaves* and those species in which this is departed from are held 
as the result of secondary modification. The first foliage leaves in these 
simple forms differ in no essential respect from the subsequently formed 
.sporophylls, except in the absence of the sporangium. Hence the observed 
facts support the vievv that all the leaves were originally sporophylls, and 
the whole plant originally a simple strobilus. 

It has thus been seen that a strobiloid theory is applicable to all 
known types of the Lycopodiales. This matter has been dealt with at 
considerable length because, in the first place, this phylum of Vascular 
Plants dates back fully as far as any other in the Palaeontological record. 
Secondly, because it is represented by many living species susceptible of 
minute investigation throughout their life* cycle : and, thirdly, because the.se 
and the fossils together show' gradual, and at the same time considerable 
divergence of detail in the one uniform scheme. They thus provide a 
better basis for comparison than any other series of Pteridophytes of et^ua] 
age. The conclusions arrived at w'ill be susceptible of comparison w'jth 
those relating to other phyla of Vascular Flams. But though the applica- 
tion of the theory of the strobilus may be extended to other phyla, it 
must be remembered that the arguments and conclusions relative to the 
Lycopodiales stand by themselves, and w'Ould still be equally cogent if no 
other Vascular Plants existed on the earth^s surface. 


CHAPTER XXVIL 


SPORANGIOPHOKIC P'J'ERIDOPHVTES. 

I, EQL'JSl-TALES. 

Under tlie comiiion designation of the “ Sporangiophoric Pleridophyles 
may be grouped together those forms whose sporangia are disposed^ either 
singly or in larger numbers, upoci more or less elongated vascular stallis, 
which are enlarged as a rule at their distal ends. The existence of the 
sporangiophore clearly distinguishes these plants from the Lyeopodiales^ 
though it may for the present remain an open question whether any 
genetic connection existed between the latter and the sporangiophoHc types. 
Under this designation are included the hquisetales and the Sphenophyllales 
(inch Psilotaceae), while, according to the vtew^ which will be developed 
below, iht Ophioglossales will also appear as an outlying group sharing 
the same character^ though in a more elaborated form. It will he a 
matter for later discussion how far the existence of the sporangiophore 
as the immediate sporangium-bearing member ivill supply a valid basis 
on which to trace affinity : the decision must rest on the degree of 
correspondence of the sporangiophortc types in other characters^ such as 
the external morphology and anatomy of the vegetative organs, and the 
details of the gametophyte. Unfortunately these are often so imperfectly 
known that we are thrown back in great measure upon the spore-producing 
members : Gut on grounds previously explained these are held to be the 
most important of all. 

The Equisetales, wffiich are taken first of the sporangiophoric types, 
are distinguished from the rest by the fact that their sporanglophores are 
inserted directly upon the axis* not on appendicular parts : in some 
cases they shoAv a definite relation to the bracts which subtend them : m 
others no such relation exists. Other less distinctive characters of the 
vegetative organs are the constantly radial construction of the shoot: 
the elongation of the iniernodes which are longitudinally striated, the 
verticillate arrangement of the leaves, a high degree of branching* and a 
structure of the stele with a ring of isolated vascular strands; these 
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collectively characterise the group as a definite one. As regards its past 
history, the evidences of the existence of the EquiseUles extend back to 
the Devonian period, ^vhere they already showed a high degree of 
elaboration!, Bui these plants formed a more conspicuous feature in the 
Carboniferous Flora^ where they attained their maximum development in 

p^)int of numbers as well as in 
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size. Subsequently the type 
became less prevalent, fill at 
the present day it is repre- 
sented only by the cosmo- 
politan genus Eqtmetum^ with 
its twenty- four species, showing 
remarkable uniformity of type, 
I'he essential characteristics of 
the living genus will be taken 
first, as it is susceptible of more 
complete study than the fossils; 
these will be worked in on a 
basis of comparison w'ith what 
is seen in itselfi 

Hx'ikknai^ Characters. 

It will be unnecessary to 
describe the characters of the 
shoot in Mquh^fum in full 
detail, or the comparatively 
slight modifications of it upon 
w^hich the species are distin- 
guished : a brief account will 
suffice to indicate the essential 
features, for beneath them all 
lies a general unity of plan 
which is closely followed, 
whether the shoot be under- 
ground or exposed to the air 
(Fig. 192). The axis is plainly 


the dominant feature of the shoot, and it is always of radial construction : 
it is terminated by a conical apex with well-marked Initial cell. Upon the 
vegetative axis the leafisheaths arise laterally, in close acropetal succession : 
they are webbed from a very early stage, and when mature consist of 
clearly marked leaf-teeth projecting upwards from the webbed sheath below 
(Fig. 193)* As the developing intemodes lengthen by intercalary growth 
of the bud thus constructed the leaf-sheaths separate, while the internodes 
themselves are then seen to be marked by flu tings corresponding to the 
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markings of the leaf-sheath next above; at the nodes it is clearly seen that 
the teeth of the successive leaf-sheaths alternate. The leaves themselves 
are mostly dry and chaffy, while the tissues of the stem contain chloro- 
phylh and constitute the chief assimilating tissue of the plant. The 
number of teeth in the sheath, thdr proportions, and their pemiartence 
or deciduous character may vary : the internodes may be swollen hjr 
storage purposes in underground stems, vvhile on the aerial stems the 


extent of the chlorophyll-parenchyma^ and the number and disposition 
of the stomata may fluctuate ; but, putting aside such differences, which 
are only of secondary importance, the plan of the shoot is the same 
in all living Horsetails. It is a notable fact that in none of them is there 
any departure from the radial symmetry of construction of the shoot, or 
from the vertidllate disposition of the leaves. 

rhe normal branching of the shoot is exclusively monopodial,* and 
originates from cells lying immediately above the leaf sheaths, and in a 
position alternating with its teeth (cells marked /, i\ in Fig. 193); the 
branches are therefore not axillary. The shoots thus initiated burst 
through the subtending sheath, giving the appearance of an endogenous 
origin, and on further development they repeat, though usually on a 
simplified scale, the characters of the original shoot. Such branches are 
not initiated at every available point intervening between the leaf-teeth ^ 
moreover, where they are initiated, they are frequently not developed 
beyond the earliest stages, in which case there may be no external sign 
of their presence. The branches thus formed are plainly accessory to the 
parent shoot, while they repeat its characters: they are not to be held 
as any necessary constituent part of the parent shoot, but as parts added 
to those of the simple shoot itself. 


The roots, excepting the primary root of the embryo, are formed in 
regular relation to the accessory buds above described; one root is 
initiated at the base of each bud, and thus the roots, thougli formed 
like the buds in definite positions relative to the other parts, are 
held none the less to be accessory also. Tlmh further branching is 
monopod iaL 

Both roots and shoots are susceptible of different degrees of development 
according to circumstances, with results which lead to striking external 
differences; and upon these the specific distinctions are partly based. 
Either shoots or roots may remain dormant though initiated : this is 
especially seen in the case of the roots in aerial parts, and of the lateral 
shoots in the parts that are underground. Thh circumstance provides 
specific characters; thus, in some species many or all of the branches 
may remain dormant, even on the aerial stems E, lim&umi and 
hkmak\ It also contributes largely to the general aspect of the individual 

' OccajiloTiftl terminji branchings Imve lictPi cleicHljcd, specially m tht r.gkm uf tliv 
strobilus, which would be comparsible with the terminal brEinchiaffs in the Lycepotliales 
liut they nre aulficiently uncommon it> tn: held a.s abmirmEiJities. 
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organism, as is clearly seei’t in the of sucli species as E, pratim€ 

(Pig. 19?). In other species again the development or non -development 
of the hrancbes didereiitiatcs the vegetative axes from those which are 
fertile, as in E. and iiiaxi'mum : in others the lateral branches 

on fertile axes are only delayed in their development, as in £. palustre 
and syh'aiUNm : in others again there is little difference as regards branching 
between tlve fertile and sterile shoots. Hut it has been shown experimentally 
by GoebeH that even in so pronounced a case of the absence of lateral 
branches as the fertile axis of E. the development of green lateral 

branches could be induced : this was done by culture of the lower 
internodcs in a moist chamber, when green assimilating branches were 
put out from the nodes, as in the vegetative shoot. The apparently 
branchless fertile shoot was thus brought into line with the ordinary 
branched type prevalent in the genus. Such facts indicate that the 
branched condition was probably common for the genus^ but in certain 
cases a late differentiation has arisen t>etween the colourless fertile shoots 
where the branches are dormant^ and the branched green assimilating 
-shoots.' 

The fertile strobiius of Ef/itiseifim is normal!}' terminal on the axlSf 
and is usually borne on the relative main asfs only. Many cases exish 
however, of the development of the strobili on lateral branches : this may 
be normal for certain species, such as J?. myrinchaefum^ Cham, of the 
sub-section Fki&stachya^ Milde, well shown in Engter and Pranil, fpianttit- 
famiiien^ i., 4, Fig, 34 p. 547 ; but it also occurs occasionally in others^ 
where a single termijial strobiius is normally present p^IysfachyiF*'^^^ 

In die case of E^uisetuMi syhnikum p^iystudiyum (Fig- 194)11 where 
numerous lateral branches nonnally sterile bear small strobilh Luerssen 
has been able to correlate the change with external conditions:’’ this is 
the next step to bringing its determination within the limits of experiment. 
On the other ha [id, numerous case,s have been recorded of the continued 
growth of the strobiius, at its apex, with a return to the ordinary vegetative 
characters. Such facts show that the lateral branches are not essentially 
different from the relative main axis, as regards the final end of spore- 
production : also, that there is no absolute barrier between the vegetative 
and the fertile regions in Etfuisetum. Speaking generally, the fertile strobiius 
is not restricted to axes of any definite order. Thus it requires no great 
effort of imagination to see in the shoot-system of E^uistium the result 
of amplification of a simple unit, the shoot, composed of axis and successive 

^ dy D^u/sf/t. BoL G^siiLy 18S6, [>. JS4, 

For ,'\i^ InlereEling discussion of the bioloj^ica] rftlftiions of the Sterile and feriile shoots 
ill living^ species of .see Goebel, '■'ol. ii., ]5. 

^ Ft)r records <]f -sucl^ developments in European s(jecies, see Effra, iii-p 

[>, 622, cTc+i and especially Luenssen, j. Kenntn. d. Flora, W+ and Ostprflussens, 

Slid. Sof.t 1S94, Mefi 28. 

‘iZ.c., p. JJ. 
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lieaf-sheaihs, and capable of spore-production 
by a terminal strobilus. The branchings 
however complex, may be held as accessory, 
as also the formation of roots so closely 
associated with the branches. The funda- 
mental idea of the plant is thus carried 
back to the first shoot which originates 
with the embryogeny. It may be held that 
from this, by successive accessor)' branch- 
ings, the complex shoot-system arose, while 
the spore-production was deferred to the 
later branchings : it is on these that the 
fructification ultimately appears in the Ihing 
species, while the primary axis and earlier 
branchings are normally sterile. 

The strobilus itself consists of a con- 
tinuation of the axis which bears it, and 
upon this the sporangiophores are disposed^ 
but often with less regularity than rules in 
the case of the IcaTsheaths, The whole 
strobilus is normally occupied by the spor- 
angiophoresp without any intervening bracts 
(Ing, 195 a). The sporangiophore itself 
consists of a central stalk supporting a 
polygonal distal end: from the margin of 
this the sporangia hang in variable number, 
forming a series surrounding the stalk (Fig^ 
195 11), d'he s[K>res are all of one type 
(Isosporous)* At the base of the strobilus 
a ring-like structure is found — the annulus 
—which is like a reduced leaf sheath, and it 
has usually been held to show a transitional 
stage between the vegetative leaf-sheaths 
and the first whorl of the sporangiophores, 
these being recognised as equivalent parts. 
Reasons will be advanced below for not 
accepting this apparently simple view. The 
Strobilus of liquh^fum is liable to variation^} 
of development, which have their importance 
in relation to certain fossil forms. The most 
notable of these is proliferation, the apex of 
the strobilus being continued as a vegetative 
shoot : the effect is thus gained of a fertile 
zone bearing sporangiophores, threaded upon 
an axiSf or of a Succession of such zones, 
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i 5 q>H'\rated hy teaf-fiheiuhs (Fig. 196}. It is tlius seen that the strobilus of 
E^piiutum is tnjt ahvays that circumscribed tercniEial body which is typical 
for the li\iug species. 

I’ he has been recognised, though with some uncertainty, 

and only in few specimens^ as far back as the ]i.liddle Coal Measures;^ 

but it is seen repiesenled more commonly, 
and by large forms, in the lilesoKoic rocks. 
Related to it are two other fossil form si 
the genus FhyUothmx of Permian age 
resembles EifumUim in the general features 
of the shoot, with its cup-like leaf-sheaths 
webbed at the base, but differing in the 
form of the leaves and in the fertile 
region 1 this is constructed on the general 
plan of Ef/fiisefiixfif but with the strobilus 
interrupted at intervals by sheaths of 
sterile leaves, as in some abnormal con- 
ditions of EquistUm (Fig. 197). Some 
specimens of Fhyihiluca have, however, 
been described by M. Zeitler as having 
strobili like those of A^inularh^ that Is* 
(jf the Cttlamosta€hy^‘\y\)^^^ The other 
genus is Sekizoneura^ of Triassic age, 
characterised by the whorl ed leaves being 
associated in webbed sheaths, which may, 
however, be slit longitudinally to the base. 
They thus form leaf'lite lobes which stand 
off at a considerable angle frorn the axis 
(Fig. 198), The ads is marked by longi- 
tudinal grooves, which are continuous 
longitudinally from iniernode to internode, 
thus showing that the leaves of successive 
whorls did not alternate. The fructifi- 

cation is unknown. 

Most of the older Equisetal fossils, 

however, belong to the Calamarian type. 
These plants were often of dendroid habit, 
with secondary thickening of the stem, but with a similar 

construction of the shoot to that seen in EquUiium, The or 

are frequently webbed at the base, though often only slightly, as m 
A„nul 2 'm ; but m AsUrophyllim, which is traced back to the Devonian 
period, the leaves appear quite separate, io widely diverged whorls. 

'Kidsioii, ■On the occurrence of the genus elc.,“ Amtalt Hag. 

MUl, is., p. 13S, 1893. 

-Zciller, p- 
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The leaves themselves were usually^ simple, as in tbougli of 

greater dimensions, and accordingly more effective as assimilating organs; 
but among the earliest forms, such as Ai/et^d/aifuf^s {Schimper), from 
the Culm^ the leaves were branched in repeated dichotomies (Fig* 199)’ 
In the very early Psetido^tirniat from the upper Devonian of Bear Island,' 
the foliage was forked in a fan-like fashion, and of considerable dimensions. 
Another feature, in which certain of the earliest forms differed from the 
later, was in the fact that the members of successive whorls were super- 
posed, and did not alternate Asferomiamiies). Such forms have been 



Jigaiiciuta Ehfh. Shouts stiuwiii}; recurrent whorls 

oT i4|>ulr£■n^tl>}Jhu^c^ and of brad hr CAfter Mi Me.) 


PfiyiisihMa. /f, Ph, 

from Revere di VtLo-, near Verona, /f, inflorc^ 
cence trum Siberia, placed bv Sebniaibnujeu wiili 
(r-Vfitr Salens.) 


associated by Po tonic as a family of “ Protocalamariaceae/’ The facts 
would seem to Indicate then a primitive construction of the Equisetoid 
shoftt as having relatively large whorled and superposed leaves, effective 
as assimilating foliage t these were also separate from one another, and 
liable to bifurcation. 'Fhe condition, as seen in the present Equheium^ 
might be understood as attained by reduction of the coalescent and simple 
leaveSj which became aho alternate instead of superposed, while the 
assimilatory function was relegated almost entirely to the axis* But there 
is no certain proof that the actual evolution of Equhttum itself was along 
such a line as this. 

Nathiirbl, Z,t Fqh. Fi&ra d Fc/iir/itHdtt-, i,* hief- 3, 'l al* 7, S. 
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Tht Cilanvariari sirobilf terminal on the axes, but they had a more 
elongated form than is usual in R^uiSeium (Fig, 200) : sometimes they 
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extended to 
construction 


length 
the 


of 30 cm. (Potonie), They differed also in thdr 
nearer to the Equmfmn-Xy^t^ is the ancient Archdto- 
calamitcs {Bor mu)} characteristic of the oldest 
Carboniferous strata, and of the upper Devonian 
(Fig. 201). Its strobilus is essentially like that 
of Equis^tum^ having no sterile bracts intervening 
between the whorls of eight to ten sporangio- 
phores. These whorls did not alternate, but 
neither did the whorls of branched leaves in this 
early type. Here it would appear that there is a 
more complete differentiation of the reproductive 
from the vegetative region than is the case where, 
as in other Calamarians, sterile bracts are dis 
tributed throughout the strohilus. 

The latter was the more prevalent type 
among the early Equiseiales : in them the sterile 
leaf- whorls and the whorls of sporajigiophores 
regularly succeeded one another, as it is seen 
CainjHostaihys^ and is well shown in C. Bimisyanat which is the 
best known type (Fig. 202). The sterile whorls are commonly composed 

* Renault, Buisin HquUUt tl Pfnftim d^Aaiun et vol. iin, p. So, Plate 42^ 
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of twelve coherent Ic^ives, but thirteen have been counted ; the Stporaj^^UJ- 
phores are usually six, that is, half the usual number of the leaves of the 
sterile whorls j but seven and eight have been seen in a single whorl of 
them* while no whorl of sixteen bracts has been seen. Hence it is clear 
that the sporangiopbores bear no strict 
numerical relation to the sterile bracts. 

'Phe position of the bracts in successive 
whorls of them alternates : the successive 
whorls of sp Oran gioph ores, on the other 
hand, do not alternate, but are placed one 
above the other in vertical rows. Hence it 
is evident that their position can bear no 
constant relation to that of the bracts.’^ ^ 

'Phis absence of a strict relation of the 
Sporangiopliores to the bracts comes out 
also in C described in detail by 

Weiss.- He remarks of this species tliai 
the number of leaves in the sterile whorl is 
evidently variable ■. he made several count- 
ings, and concludes, "^accordingly it may 
be accepted that there were sixteen leaves 
in ihe whorl, but that they might be re- 
duced to twelve (or thirteen?) by abortion 
fjf some of them.” The leaves of the 
neighbouring whorls certainly alternated. 

Of the sporangiophorcs he says, the number 
in each whorl is six, and the successive 
whorls of sporangiophores stand vertically 
above one another; but he notes slight 
deviations from this, perhaps due to torsion. 

A still further .step is depicted by Welss,^ 
in the case of Cakutwst&ehys ^^rmankn^ 
where apparently the narrow bracts are 
approximately three times the number of 
the sporangiophores ; but this is not speci- 
fically stated to be the case in the text 
On the other hand, it has been shown 
clearly in the case Pnhuoiiadiya Deni that 
the number of bracts appro.Kimately ctjrresponded directly to the nund>er 
of sporangiophores, though possibly in some cases they somewhat exceeded 
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it. In fact it is U> be recygoisiecl that, speaking of the bracts, “a tendency 
to nuiiiiply tlie nnmljer of appendages in each whorl seems to have been 
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characteristic Calamarian feature.”^ There appears^ consequently, to 
ave been no constant relation either of number or of radial position 

between the bracts and the 
sporangiophores. 

The relation of these 
two parts as regards vertical 
position is also variable 
within the fossil Equise 
tales ; for^ as is well known, 
tire sporangiophores occup)' 
in Paia^&itachya a position 
, at the base of the internode 

From the Wevtplisllari. piaCTumin^u : lc , . — 

drawioe of p:irt of a shCKJl. X about Aftair Weiss. ^Fl^. S 
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in the middle of the internode (Fig. 202), and in or 

Cifipdaria at the top of the intetnode (Fig. 204). Snch fact^ as tliese^ 
here only briefly sketched, must be taken into account in discussii’ig the 
morphology of the sirobilus of the Equisetales, and in deciding the true 
chararacter of the sporangiophores. But before tins is entered upon their 
detailed structure and development must be examined. 


Spore-Producino Memiikks. 


Naturally the development of the spore-producing members can only 
be followed in the living genus, though from the similarity of their mature 
features to those seen in the fossils It 
is probable that there was substantial 
similarity in these also. In Hqnhetum 
the axis, which is about to produce 
a sLrobilus* ceases active growth in 
length, retaining a conical form : the 
sporangiophores arise upon it in acro- 
peial order, as convex svvel lings (Fig. 

205). The details show some varia- 
tion in different species : they are here 
described for Eqm&eimn arvem^ and 
Hmosum} In the first stages the spor- 
angiophores are not unlike the sterile 
leabsheaths, involving, as seen in 
longitudinal section, some six cells, 
which grow out with a fandike tracery 
and repeated anticlinal walls (Fig. 

206 4V). This similarity has been used 
as an argument favouring the view that 
the sporangiophore and the bract-leaf 
are results of " metaniorphosis ” of 
essentially the same part, a point 

which will be taken up later. Single superficial cells near the margins 
of the convex outgrowths are early recognisable as the parent cells which 
give rise to all the essential parts of the sporangia, though adjoining 
cells also grow out together with these to form the sporangial body ; the 
origin of the sporangium is thus of the eiisporangiate type (Fig. 2g6 u)- 

At an early stage there is active growth in the middle region of the 
"sporangiophore* which results in an inversion of the young sporangia, so 
that they come to point with their apices towards the axis. Each parent 
cell first divides periclinally (Fig. 206 a) : the inner cell gives rise only 
to a portion of the sporogenous tissue, the outer undergoes further division* 
first by anticlinal, later by periclinal walls (Fig. 206 \t, c, d). 'J'he inner 

' L, p. 49'6* eic. 
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])rotlucts lh\jH formed share wtth the product of the inner cell already 
described In constituting the large sporogencus tissue, which, though entirely 
derived from the single parent cell, is not defined by its first periclinal 
wat! : it is indicated by shading in the figures, while the products of the 
subsef]uent periclii’ial divisions are marked with a cross. Transverse sections 
at the stage represented in Fig. 207 a show the sporogenous tissue in a 
central position surrounded by several rather irregular layers forming the 
sporangial wall {Fig, 207 b). The si^e and construction of the sporangia, 
even of those in near ju:;taposition, may vary greatly: this has been 
especial liy seen in the case of E. As the sptjrogenous group 

enlarges a layer of cells immediately adjoining it externally becomes glandular 
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in appearance, and develops as the tapetum (Fig. 2o3 a). Later the cells 
of the sporogenous tissue itself separate, and round themselves off as spore- 
mother-cells ; but it is only about two-thirds of these cells which undergo 
the tetrad' division, about one- third of them shrivel, and become disorganised, 
their substance mingling with that of the tapetum, which becomes intrusive 
as a multi nucleate plasma into the interstices between the spore-mother- 
cells (Fig. 3oS b) t the fertile cells which remain are nourished by this 
as they develop into the mature spores. Finally the superficial cells of 
the wall become indurated and spirally thickened, while those within Jt, 
excepting at the base of the sporangium, are disorganised. The mature 
sporangium, consisting thus nf a single layer of cells of the wall, and 
containing the ripe spores which are all alike, dehisces along a longitudina 
line facing inwards towards the stalk, which line had previously been define 
by the cell-structure. 
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Kacb or the ^porangttjphorcsj from which the sporangia thus {lepcnd,, 
ii> traversed from the stalk upwards by a vasctilar strand, which braiuhts 
in the enlarged head, and each branch terminates immediately beknv the 
base of one sporangium. 'I'he sporangiophores are in close ju>Ltaposition 
while young, and thus the sporangia are eflectively protected. .\t the base 
of the strobilus lies the annulus, which completes the investment of the 
lowermost series of sporangiophores : it has as a rule no vascukir sujjply 
(Fig. 209). Goebel has pointed out the 
protective biological use of the annulus;' 
also that at the apex the highest spot' 
angiophores ma,v he imperfectly developed 
and concreseent, thus forming a terminal 
cap ; the protection of the young sporangia 
is thus very complete. 

d’he number of sporangiophores In the 
ir^/«jff///w*strobilus is not strictly defined^ 
while the number of sporangia on each 
sporangiophore is also variable ; it is usually 
larger in Etjnndum than in the (Jala- 
marians: this raises the question of evidence 
of variability of number of sporangia, 'hhere 
is in Eifuiiefum no structural e\'idci’ice of 
the septation of sporangia ^uch as ought 
lead to their increase In number, nor is 
there any interpolation of later sporangia 
between those first formed. In some of 
the larger coives^ such as /f. maximum^ 
branched sporangiophores are c< 3 mmonly 
foundj which appear to indicate a possible 
increase in their number by fission : the 
irregularity of their number and arrange- 
ment in these large cones would seem to 
sujjpon this (compare Fig. 195.) Excepting 
for such indications there is no evidence 
among living species of methods of increase 
in nundier of sporangia. Even the apical growth of the strobilus itself is/ 
as a rule/ strictly limited. Of reduction in number of sporangia there is 
as little direct evidence, but it is to be remembered that complete abortion 
leaves no trace of what has occurred (see Chapter X.;. On grounds to be 
mentioned below it would seem probable that such complete abortion of 
sporangiophores has figured in the evolution of the E(|uiseraleSj contributing 
to the origin of the itulial vegetative system of the individual plant. 

The structure of the mature sporangiophore and of the sporangia in 
the Calamarians is so similar t{> that of Et^tnufum that, taken together 

' Orgafwj^ra/y/iy^ ii., p. 500. 
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vith Uieir iiisertion directly on the axis, there can be no doubt of their 
true homology.^ I his is illListrated by Scott's figure of the sporangiophore 
of Ctf/iTmf}s/itt‘/irs Cas/fin/zti (big. 210)^ which shows the position and 
structure of the sporangia; but the number of the sporangia on each was, 
as a rule, only four. In some species there was heterosporyj megasporangia 
and microsporangia being found even upon the same sporangiophore : 
this is illustrated by Scott in Calamo^lachy^ Ca^heana.- He has also noted 
in C. Bitwayfum the abortion of certain spores of the tetrad this, taken 
with the condition as seen in C. Cashtuna^ indicates that in the palaeozoic 
genus **we are able to trace how heterospory originated* The facts suggest 
that in the first instance a certain number of spores became abortivCi ar>d 



of ^poron^iuiik of Eqtihiinm ZpWjwwh L., ihowing tht ifKirogciiOiks ccIIj, 
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so allowed of better nutrition for the remainder : this process* going on 
more freely in some sporangia than in others, may ultimately have rendered 
possible the excessive development of those spores that survived at the 
expense of the others, and may thus have led to the development of 
specialised megaspores. In this respect Cahmosiathys was in advance 
of Eiyuisctum. 

It has been shown above how completely the young sporangia are 
protected in the strobilus of EguhHuni by the close aggregation of the 
sporangiophores* together with the covering afforded by the basal annulus 
and terminal cap* In the more lax strobili of the Calamarians the piO' 
tection must have been chiefly carried out by the intermediate whorls of 
bracts, ivhich overtopped the sporangiophores, a condition more nearly 
comparable with what is seen in other sirobiloid types. 

^ The relation of the strobili of the type of CAiaimHafhy$ as regards their anatomy to 
the Calamitean stem has been pointed out liy Scott; it will be unnecessary here to enter 
into the evidence on such f|uestit>ns; it suffices to refer to Scon* SUtdits^ pp. 45, 

“Kcott, Fig. 23. p- 51 + ’'i.r., p- 53- 
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Ii remains to consider the nior[>hological oharacici of the ^porangio- 
phore ill the Kquiseiales, The current view of tile strobiius t>f luftihcttim 
is that it is a product of meta’ 
rnorphosls of the sterile shoots 
and that the spoiangiophore 
is an altered sterile leaf. This 
has beeii restated lately by 
Goebel,^ on the basis of de- 
velopment of the itidividLiJil, 
but without bringing the fossil 
Calamarian strobili into the 
comparison. It may, however, 
be safely asserted that if Eqai^e- 
ium and had never 

existed, a comparison of the 
Calamarian strobili with those 
of other Pteridophytes would 
have led to a different view ; 
it will be necessary therefore 
to examine this natural group 
of the Rc.juisctales as a whole, 
and not only one isolated genus, 
even though that type be the 
well'known one iioiv living. 

Taking first the developmental evidence derived from Eipih^tum^ as 

sp 
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given by Goebdr it is found that, noiwiihsutnding the liifference in mature 
form (which fioebe! notes, and from which he concludes that the distinction 

’ Orfiaiw^ynphyt Vf)]. lirp pp- 499" 5^3' ’■/.Lr+, p, joo. 
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arose at ai^ early date), the origin of tlic iwo bodies is alike- but the 
sporangiophore, k the more bulky, sooir adopts a mode of growth 

which leads to a shldddike form. Me concludes that the simpler develop- 
ment of the sterile leaf was the more primitive type, atid that the stronger 
growth of tlie lower surface of the sporangiophore, so as to give it the 
hypo-peltate form, is a new devctopmentr He also alludes to the transi- 
tional forms between the two types, such as have been described by Gliick 
and others.^ 

Before the homology of the leaf-teeth with the sporangiophores is 
accepted, the grounds upon which it is based are to be examined^ they 
appear to be these ; 

(i) Similarity of the cell structure on first origin, 

{2) Similarity of position relatively to the axis, 

(3) Transitions, through the annulus and its malformations, fixim the 
one type to the other. 

The similartty of structure of the two as shown in vertical sections 
was pointed out by Gluck, though, as he himself remarks (p, 362), it 
holds only for the very earliest stages. But similarity of segmentation 
has long ago been shown to be no proof of morphological identity in the 
case of embryos and hairs ; without going so far afield as this, a com- 
parison of a vertical section through the leaf-margin of with 

a vertical section through its soruv’ shows a near similarity of the 
cell-net : yet this does itot suggest any homology of the leaf-margin with 
the lip of the sorus ; and no more can the similarity of segmentation at 
the outset of that of the bract be held to proie the foliar nature of the 
sporangEophore. 

Both sporangiophores and sterile leaves are lateral appendages of the 
axis, but this does not of itself prove the point for instance, in plants 
which bear prickles, the prickles and the leaves occur together on the 
shoot ; and the former arise not much later than the latter, w'hile similar 
tissues take part in the formation of both. If both arose simultaneously 
dose to the apex, the early distinction of them w^ould be a matter of 
difficulty, though they are parts of different morphological character It k 
possible thus to contemplate the origin of parts of similar cellular structure, 
but not morphologically comparable with one another, laterally upon the 
same axis. 

The occurrence of middle forms between the teeth of the normal 
annulus and sporangiophores appears at first sight important evidence ] but, 
as is well known, intermediate forms occur between ovules and foliage 
leaves, and, nevertheless, the opinion is widely^ and in my view rightly, 

^ Gltlckj “ Die Sporophyll'MclamofpKose,"* loL Ix.i;k., 1895, p. 364,31^1 Plates- 

References are rhera given also to Mikle and other writers, 
q / voL iii.;, Plaic aj. Fig. 71. 

^ PhiL Tram., B, 1897, Plate TO, Fig. 
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accepted that the ovule, like other sporangia, ts air organ ^itt and 

not the result of modification of a leaf or leaf-segmentn 1 he occasional 
existence of sporangia, or even of in^perfect sporangiophores upon the 
annuUis, is not necessariiv a proof of evolnlionarv transition from t3)e one 
structure to the other^ but is rather to be held as indicating tliat tlie 
primordium in its ontogenetic fitigin was not defined in it^ character. 

The strength of the view stated l>y Goebel lies in the fact that it is 
supported by all three lines of argument above noted, and if it were 
not for the fossils, ivhich he does not introduce into his discussion of 
the matter, it would probably not be called in (]uestioiu Ihit comparison 
with them suggests an aUernative view, vix. that the sporangi op bores are 
not of the nature of phyllomes, but are comparable rather with the 
sporangiophores of the Psilotaceae or Sphenophjileae; these they certainly 
resemble in form and function, though they differ from most of them in 
maintaining no strict rdatiem of position to the true leaves. This sug- 
gestion must now be examined. 

It is based primarily upon those Calamarian strobili in which each 
leaf-w^horl is regularly succeeded by a whorl of sporangiophores. In the 
sirobili the leaves of successive whorls show a radial alternation, as in 
the vegetative siiooi, and it seems natural to suppose that they accordingly 
correspond to the ordinary succession of them in the vegetative region. 
Hut in addition to the sterile leaves the sporangitrphores are present, and 
their presence does not disturb the alternate succession of the leaves. If 
the sporangiophores were rightly regarded as leaves, it might be anticipated 
that the alternate succession of the sterile leaves ivould be disturbed wliere 
the sporangiophores intervene between their whorls, but it is not. Again, 
though the number of the sporangiophores is fretpiently half that of the 
sterile leaves, that numerical relation is not strictly maintained, iivhile their 
disposition In vertical, non-alternating series is on a plan apart from that 
of the alternating whorls of sterile leaves. Their position on the internode 
also, sometimes at the base, sometimes at the upper limit, often in the 
middle, again shows their inde{>endence of the sterile leaves. These facts 
together point to their being structures of a different nature from the 
leaves of the strrjbilus. 

It may be asked how this non-phyllome theory of the sporangiophores 
is compatible with the fact,s in Equistium, in wd:iich the annulus has 
usually been accepted as a transition from the foliage whorls to the 
sporangiophores. It Is true the annulus lies at the boundary between the 
sterile and fertile regions, and that in E.qtfkeium no vestiges of leaf-whorh 
are found higher up among the sporangiophore.s, Cloebe! has pointed uul 
an obvious protective use for the annulus, which would sufficiently account 
for its constpney and limiled sue in the genus.' A comfjarison of other 
types of Equisetineous strobili affords the following explanation of the 
Equktium strobilus in terms of the fossils. In the genus Ar^imeQ{ai{imiu^ 

^ Or^in&j(rfiphy\ p. (jS i . 


R^fiianU describes^ for B. rtit/iald, lirun^^n., how the fructifications 
aru simple, or iineriL]pi<;J in their length by verticils of leaves* which 
render the 'ipike itself* so to speak^ articLjlated and of very variable 
length. 'I'he condition of these spikes is then different m proportion* 
lathci- than in essential points from that described for Fkylioihaa (Fig. 
t97K ixnd so ^curiously reproduced in the abnormal Equiseta described 
above (big 19b)- This again differs from Cdhim^siackys mainly in the 
nmnber of the sporangioiihores wliich intervene between the successive 
leaf* whorls. The tracts which bear the sporangia being thus variable, it 
would a[>pear that the ^-//TjcZ/fwr-type is merely an extreme case, in 
which the whole series of sporanglophores which form the termiriial 
sirobiliis are collectively above the last leabsheath,. and that last leaf sheath 
is of a reduced t^pe* and appears as the annulus. 

It is obvious that in the present state of our knowledge the case is 

not proved either for the j>hyllome-lheoTy of the sporangiophoTC in the 
bquisetales, which is out of harmony with the known facts in the fossils, 
or for the non-phyllome theory, which is certainly a less obvious explanation 
of the simple strobilus of Etfumlum, Hut the balance of evidence is 

strongly in favour of the latter, as without undue pressure it covers the 
whole area of facts, including those relating to the fossil Kquisetales^“ 

^ iPAuiftii it Kf'hiac^ p. isl. 

-1l is ntiCtis^ry briefly to ineniion eiti other view, advanced by Jeffrey {Mtm* Basfcut 
.Vft, 0/ sVfii. vol. V., pp. ahi applicable to those Calaiwitean cones where 

lilt brads each whorl are staled to l>e double the 11 neither of the sporangiophores. 
ITc suggests that the pairs of the slerile leaves were really dicholomously divided dorsal 
segments of spofophylls, of which the sporangiophortis were the venirat segments. It Is 

neccsSiiry to remember* hou'ever* that in the Irest know'n cones of the 

liracts' of successive w'horls aliernaie, while ihe successive whorls of ibc sporarigtophores, 
consirieied by thetrLSclvos* are strictl}' superposed (Scott, Frcrgrinut^ p. 15SJ e this fact 
appears to be fatal lo JcIfVey's suggestion, as will Ihj obvious if ihe aLTangement be 
plotted out fiiagraminatica!l>' in one plane. It will then appear that the proposed Kheme 
would only apply lo each aliemaie whorl of bracts, not lo ihciri alb There js also 
against it the fact that lit llie Eqtiisetaks at lar^c the arrangemei^ of the cone with the 
bracts approximately doubling the number of the sporanglophores is only one among 
several different arrangements: the proposed scheme is quite inapplicable fi>t 
or for E^imteiurn, ftrid equally so for PalatQiiaihyii {</. 1 Tick li ng, Ar.]. 

Aki]i to Jeffrey's theoiy, though not coincident with it, is that of Lignicr {BulL dc la 
SoiT. IJmt, ih Normandie, Caen, 1903- P- which also is based primarily on the 

data for the cone of CalAfnosiacAys , and upon comparisons '.vith the Sphenophyll^ His 
viow is that the spotangiopbores in are the result of concrescence in pairs 

of fertile later.-il lobes of the leaves forming the vcriicik The anatomical facts are 
derived from Renault Hmilkr H Firm. d^Aaiun ci iv., 2 , p. 130, an 

PI, Ixd j the details shown in his figure, 6* of the single transverse seclion parualty 
depicted would accord with the theory ; bui ihe evidence seems insufficient* and there are 
the following positive objections to it. First, there is no structural evidence m the 
sporangiophotes themselves of Culam0$tA,hy,^ or in any other of the Equisetaks, of the 
presumed fusion. Secondly, in the single drawing of a complete transverse 
the cone of C. ZiBUri by Renault \U. Ph ix-, Fig. 5) there are 14 sjMrangiopborcs* 
only 27 sterile bracts; so that the numerical relation does not hold in the one case on 
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Anato.m V. 

For the jiurpogts of the present discussion the chief points of 
importance in the anatomy of the Equisetales relate to the structtire of the 
axis; the leaves and roots carry only a minor interest It will suffice to 
say of the former tliat their structure in JLi/i/tsefu/n points to a prohahiliiy 
of reduction from a condition more ellfective in assimilation^ ^vhich ^vas 
their state in some at least of the Calamttes. The roots of Ei/ain fitm are 
essentially of the Fern^type* though with some peculiarities of detail of 
their own i the roots of the Calamites show in their primary structure 
striking similarity to those of Efpihetum^ including the peculiar double 
endoderinis ; but they show in addition a camblal thickening, which Is 
quite in keeping with the secondary growth of the axis which they 
support. 

In discussing the structure of the axis the same order may be observed 
as in the external morphology] and the living genus luptheh/iH will be 
taken first. Transverse sections of the internode show the well-known 
disposition of the chief lissuc-tractSj though with varying [iroportion and 
structure of the several tissues according to the species and tlie grade of 
the axis cut ; vb. a peripheral epidermis, a broad cortex, and a central 
stelar region. fhe chief interest naturally centres in the tissues of the 
stele, and indeed it is unnecessary to discuss here the special characters 
of the superficial tracts. It may be noted first that the outer limit of the 
stde is not defined by the first apical segmentations : the inner cell cut 
oir by the first periclinal wall in each segment of the apical cell forms 
only the pith, while the vascular tissues originate together with the 
cortex from the outer products of each segment.^ Uut it ha,s been 
seen that early segmentation is not a constant index of morphological 
characier, and, accordingly, the stela r condition of Ef/itnefum may 
properly be compared with that of other Vascular l^lants, irrespective 
of its origin in the primary segmentaiiom The stele consists of a 

which iht whole theory is t>:i!ie(l. ThinJiy, thcji^ime tlirtlenliy will aii-je ffom llie LiUerniojon 
ofih^ wtnjrls of brads, ainl the super ion of the s|Mir.ingiophores as ^ipposecl to fetfrey's 
MiRge^lion, I'ourlUly, ihe theory k tjuite ina]?plicAhlc lo ihe Ikiiusetalu}^ at Lar-c, as is 
acliiiiticd by l.ignier p, 1313. lie hhuself su|rgtsu a tiitfereni origin of l3te sjjorangm- 
phore for liifuhefnm anti where they are Jiehl to rejsresei^t whole 

teavts. These iwti hyE^oi besets of origin njf the sijurargiophoru pul furwjirt] by IJRitiur seent 
too rliveri^eut lo esplair saiisfactoTily the nature of siilHiUntially tlu^ same |>arL wiyhm 
ihe aanie natural pbyhnn. .Snth dhTiculties arc sure lo arise w^here the atleinpl is madu: 
lo reduce variable forms lo a sliid inorEJ^hologkql wheme. This l.ignier has tlonc with 
some ingcnuily U*r I be i in livid uat case ; hm the more elastic view of ibe sporiu^t;io|jl)ore as 
a part mi apE^enirs lo nacconl beticr wilh ihe natuia] Jaets. Tfie spiran^iojjhtire 

may have a more or lesa ilebnite refaliori to the sterile brads, ami ii ofLcn has ; but llie 
facts for ihu ICquiset;]] phylum lin not indicate ibis as an obli^atui'y rsHaltoin J’lie 
nature of that relalion wiJI he I>c5i considered when correspondln^r 
s|ioran.giophork lypvs arc available (see part iii.). 

' Campbell, Afaisat /tud Fgrfm, 460. 


EOUISETALES 


386 

large pith with a cetilial cavity interrupted by diaphragms at the 
nodes : around it is disposed a ring of vascular strands of number varying 
according to the species^ or according to the ratik of the axis in question. 
They are separated laterally by broad parenchymatous rays, while the 
whole is surrounded in most species by a continuous eudodermis 
(Fig. 211 A, It), There is, however^ a good deal of ditference m the 
disposition of the endoderniis in various species, and these differences are 
of such a nature as to raise questions as to the validity of the simple 
character of the stele itself. The simplest case is that above described, 
and it may be seeii in the aerial shoots of E. arLv/ise and pulusire^ where 
there is a simple endodermal sheath of sinuous outline, formed from the 
innermost layer of the cortex; in fact, the arrangement is that most usual 
in Vascular Plants, In this case the term ‘‘^stele'* will naturally connote 
all that lies within that sheath, A second type is that seen in the 
rhizomes, but not in the aerial shoots of E. iyhaikum (Fig, 211 c, d), 
in which a second endodermis is present as a sinuous layer* forming an 
inner barrier of demarcation from the inner-lying pith. A third type ]s 
seen in the rhizomes of E. hkmak and some others, but not in the aerial 
stems of those species ; it is characterised by each single strand being 
individually surrounded by a closed endodermal sheath (Fig. 211 E: f)p 
while there is no general endodermis delimiting the whole stele. Such 
individual endodermal sheaths also surround the strands in the tubers of 
E. arvettse^ sylvdiicHm^ and pahi^tr<^^ species in w-hich, however* a general 
endodermis is found in the ordinary axes. The inconstancy of the 
arrangements thus seen, even in the different regions of the same plant, 
indicates them as special and secondary peculiarities, which need not 
seriously affect the conception of the stem as essentially monostelic, The 
fact that the differences of the endodermis do not otherwise affect the 
anatomy confirms this conclusion. It may then be held that the stem 
of is monostelic throughout, but subject to disintegration of 

the stele. 

The structure of the individual vascular strands, as seen in the transverse 
section of the internode, is fairly uniform in the different species. Each 
strand show's towards its central limit a canal designated “ cannab 
because it is on the same radius as one of the keebflangos which mar ' 
the fluted internode externally (Fig, 211 c). These canals indicate t e 
position of the protoxyletn-strands, which become obliterated as the sur- 
rounding tissues expand in development; for the primary tracheides are unab e 
to keep pace in their own growth with the expansion of the surrounding 
tissues* and accordingly break down. Close on either side of the margin 
of each carinal canal the annular thickenings of one or two or 
tracheides remain to maturity* and permanently record the position o t e 
protoxylem. As w-e shall see later, these are directly continuous wi 
the protoxylem of the leaFtrace. Further out from the centre than 
canal* and right and left of it, two other groups of xylem arise a 
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tile imn^ber of the titichcides in these varies in different species 
(Fig. 21 1 n, f). It \v\l\ be shown that these are not directly^ con- 
tinuous with the ^tjlenn of the leaf-trace. The phloem lies between them, 
anti consists of sieve-tubes and parenchyma. 

If the vascular tissues be followed onwards into the nodes, the structure 


there displayed ivilt give ground foi' a proper understanding of the inter- 
nodal strands. Hitherto it has been customary to treat these as integral 
vascular bundles^’ of the collateral type, comparable with the leaf-trace 
bundles of Phanerogams i they have been assumed to enter the axis front 
the leaves as integral bundles, and to pursue their' course down one 
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intei node, maintaii^ing their identity as 
integral bundles to its base^ there 
each was held to bifurcate* and the 
shanks to affix themselves right and 
left on the nearest lateral bundles 
which pass in at the lower node. This 
was the scheme coittemplated by Ds 
Bary ; ^ but it is a scheme characteristi- 
cally Phanerogamic, and it has always 
presented dilficulties of comparison with 
other Pteridopbyte-types. An advance 
to a mO]‘e intelligible view* based upon 
more exact analysis of the nodal 
structure* has been the result of the 
investigations of Gwynne- Vaughan,' to 
whom 1 owe the use of hitherto un- 
published drawings* as well as the 
description which follows. He found 
that in E. Tdmaitjti^ of the three 
strands of xylem present in each bundle 
of the internode the carinal strand alone 


passes out at the node as a leaf-trace. I'he two lateral strands join on 
to the xylem of the nodal ring, where the xylem is much more ampl> 
developed than in the internode, and even shows some slight degree o 
secondary increase.® In certain species {E. hiemak, and better stil m 
E, iiganhum) the lateral strands of the internodal bundles may be trace 
as externally projecting ridges over the nodal xylem into the interne e 
above. In passing through the node they diverge from one another, so 
that in the in tern ode above they are found on the adjacent sides o 
different bundles. At the node above they approach each other* 
the next internode they both occur in the same bundle once again. ® 


1 pp, 379 and 327. 

Wynne- Vaughan* Brif. Ass.^ Glasgow, J9oi> i>‘ also Ann. oj 

1901* p. 774- 

sConnack, Annals of Boiany^ vii., p. 63. 
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leaf-trace jirotoxyletii, having entered the bundle, runs downwards foi one 
iniernode between but internally to the two lateral strands i at the node 
below it divides into two branches, which curve to the right and the 
left in order to fuse with the neighbouring leaf traces that enter at this 
node {Fig. 21?). So the xylem of the so-called vascular bundle of 
Eqamiitm consists of three strands, two of which are lateral and cauline, 
while the median or carinal strand is common to both stem and leaf. The 
fact that only a small portion passes out as a leaf-trace, and not the 
bundle as a whole, constitutes an essential point of difference between 
it and the bundle of a Phanerogam. The general conformation of the 
vascular tissue at the node, according to the 
above description, is shown in the diagram 
(Fig. 313)' 

The tracheldes in each strand are very 
few, and consequently it is difficult to deter- 
mine the direction of their development. 

However, as regards the leaf-trace and Che 
carinal strand it appears clear that they are 
not exarch but endarch, or perhaps slightly 
mesarch on the adaxial side. 'Fhe lateral 
strands, as a whole, are differentiated later 
than the carinal strand, but they do not 
seem to be a continuation of its centrifugal 
development. On the contrary, in R. gigan 
/eifm, where as many as ten to fifteen elements 
are present in each lateral strand, the smallest 
of them are invariably at the outer extremity, 
and they gradually Increase in siiie inwards. 

Longitudinal sections show that the largest 
tracbeides are coarsely reticulate, with large 

pits and very broad bands of thickening between them : in the smaller 
elements the reticulation becomes finer and more regular, and in the 
smallest it closely resembles true spiral thickening. To state definitely 
M'hether the lateral strands are exarch or not was not possible hn this 
species, because no incompletely differentiated portions of the stem were 
available; so the question must remain at present undecided, although 
the mature structure certainly gives a strong impression of centripetal 
development. 

It is :%uggested hy Owynne- Vaughan that the lateral xyleni- strands in the 
vascular bundles of the existing species of Equh^tum may perhaps be 
taken to represent the latil remnants of a primitive central mass; this 
would be in entire agreement with their apparently centripetal develop- 
ment, and in particular with iheir cauline course. The probability of 
this suggestion can best be gauged by comparison with the fossil Equise tales, 
and with other Pteridophyles. For Calamiks the case has been succinctly 
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stated by Scott:* he remarks that “the Calamite^ so far as anatomy goeSj 
1 s s] m ply a n Eq with secoh dary t li i c ken i » g. The secondary i n crease 

commences at the nodes, and extends thence through the internodes^ 
J his again adds point to the similarity with Erjuisefufiii since the trace of 
secondary increase present in Equhctum is seen at the nodeSj though it 
does not extend into the internodes* The result of the secondary grov/lh 
in CaJaffiitts may be a woody mass of great bulk, and varying in the 
details of its structure : into these matters it is unnecessary to enter here : 
it will suffice to quote further from Scott - that “we may therefore express 
the general characteristics of the Calamarian vascular system hy the state' 
ment that the whole arrangement is of the type of Equisefam but more 
varied, and sometimes more complex and, further, thac^ “the position 
of the branches with reference to the nodes and leaf- traces was precisely 
the same in Cahumfes as in the recent Eguheiumy Thus^ as regards 
stelar problems the two stand together, and the hypothesis put forward 
by G wynne-Vaughan for the elucidation of the stelar structure in Eginscttim 
should find its application in Ca/a?fii£es also. It ivill now be shown that 
certain facts derived from these fossils strongly support it. 

Jn his PfliiHUn-paht^niologk (p. 205) Potonie established a comparison 
between the secondary vascular tissues of the Calamarieae and the Spheno- 
]>hyllaceae by mentally doing away with the central mass of primary 
xylem that exists in the latter. Owyiine' Vaughan suggested that by 
inverting this procedure, and considering it possible that the ancestors 
of Eqtiisdftnt may have possessed a xylem that extended to the centre of 
the stem, one is led to derive their structure, as it exists at present, 
from the modification of a stele with a solid central mass of centripetal 
xylem such as that of Sphcfwphylhwi or of certain Lepidodendreae. To 
illustrate the nature of the modifications that such a stele would have to 
undergo, a series of parallel developments was pointed out by Gwynne 
Vaughan within the latter group, vl^s. L^pid^dmdrti^t Rhodumneme^ 

Harwurtii^ Si^iharki spitma^ and Minardi \ here parenchyma appears m 
the xylem, and gradually increases in quantity until only an attenuated 
peripheral ring of xylem remains, which then becomes more or less broken 
up into separate strands* This suggestion raises the question vtheiher any 
Calamarian stem is known in which the hypothetical primary xylem is 
better represented, and is shown to be centripetal in its development? 

At the very same meeting at which Gwynne^Vaughan developed his 
theory Scott described a new' species, CaIamiH$ peify^nrensis, which gave 
the requisite answer. It comes from the Calciferous sandstone of Burnt- 
island*^ The interest depends on the fact that each vascular bundle 
possesses a distinct arc of centripetal wood on the side next the pith. 
The carinal canals are present as in an ordinary Calamite, and contain, as 
usual, the remains of the disorganised proioxylem. They do not, however, 
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as in other KquisetateSj form the inner limit of the wood ; liut %y\itm of 
a comiderablle thickness^ and consisting of typical tracheides, extends into 
the pith on the inner side of the canal, which is thus completely enclosed 
by the Y^ood* Hence, starting from the spiral tracheides of the pri>tox) lem, 
there was here a considerable development of the xylem in a centripetal 
as well as a centrifugal direction. This appears to be the first case of 
centripetal wood observed in a Calamarian stem j it serves to furnish a 
neiv link between the Palaeozoic Equisetaks and the Sphenophyllales, and 
through them also with the Ly copods. 

The question remains whether the young plant of Eqmscfum shows in 
its axis a structure indicative of a proiostellc origin, Jeffrey has traced 
the details for E. hiemak^ and finds that the central cylinder of the first 
shoot makes its appearance as an unbroken tube of reticulated tracheides. 
There are no protoxylem elements, although the internal tracheides are 
formed first The primitive axis, in fact, starts out with a similar organisa- 
tion to that which is subse([uenlly found to recur in the nodes. These 
facts, though not in themselves conclusive, would tally well enough with 
an Origin of the shoot from a protostelic ancestry. 

The facts and arguments contained in the preceding pages clearly 
indicate the line of comparison of the ,ste]ar stale of the Equiseiale,‘i 
with that of the other Ptcridophytes. The axis is motiosieliCj as in 
Ollier primitive forms, li presents the appearance of a mere attenuated 
remnant of the probable archaic state of the protosiele. Comparison 
makes it probable that in place of the solid xylem-core^ which is seen 
in other phyla to be the primitive condition, the central part has become 
parencliymatous i in the early fossil, Caiamites p€i1yatr€Hsh^ the change 
had advanced so far as to reduce the volume of the xyltm^ though a 
centripetal remnant still persisted, and serves to indicate the probability 
of a protostelic origin, comparable to that condition seen in some 
Lycopndiales and in the Sphenophy Hales, In the ordinary Calami tes, 
as w^ell as in Efyuketnm^ the change has advanced so far that only minute 
remnants of the centripetal w^ood are to be recognised, and that recogni- 
tion w'ould itself be uncertain were it not for the confirmation brought 
by the fossil from the Calciferous sandstone, Eut together the e^^idence 
appears conclusive^ and the result is to place the Etpiseiales, which have 
so long been a structural problem, in line with other strobiloid forms : 
they, like the rest, have probably sprung from a protostelic ancestry. 
Physiologically the changes involved appear as a natural result of life in 
a semiaquatic and muddy habitat, while the reduction of the leaves 
from effective assiinilatory organs as they appear to have been in the 
early Caiamifts, to the protective sheaths of Eipdseium^ w'ould also 
harmonise with the anatomical change contemplated. 

The leaves and the sterile bracts of the strobilus in the Equisetale,^ 
are supplied with simple strands, which call for no special remark. Hut 
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some cnnous features have lately beeti disclosed for the strands entering 
the spoiangiophores. In the case of Pahuosiachya where the 

spoiangiophores in each whori approximately equal the bracts, and are 
apparently a\i]lar3^, the strand lor each originates immediately above 
the hraoi'lnindle ; it does not, however, pass out* hut ascends with 

the main bundle of the axis llirough half the internode: it is then 

sharply refluxed, and drops again to the upper limit of the nodal 
disc, whence it passes outwards to the sporangiophore^ In 
Cilia mostachys the course seems to be the same, but with the points of 
difference that the sporangiopliore-trace drops less than in Paiaeosfschya^ 
in accordance with the position of the sporangiophore, and that Cuhmo- 
s/aciivi has comm on 1}^ two bracts to each sporangiophore, the latter 
being inserted in a plane between them. The anatomical condition in 
Sfadi(tftfitf/aria and Cifiguictria is unfortunately unknown ^ so far as the 
facts are available they indicate that the vascular supply of the sporangio- 
phore is regularly derived from the bracteal node next below. This 

suggests a certain anatomical relation of the sporangiophores to the bracts 
in Calamarians at large ; but the details of that relation are variable, 
and they cannot be held to support any general theory of lateral fusion 
of leaf-segments to form the sporangiophores, such as that suggested 

by Lignier in the case of C. ZeilleH* As regards the position of the 
sporangiophore on the internode, the anatomy, so far as known, appears 
to indicate the condition of CaiamostadiySi with its sporangiophore 

halfway up the tniernode, as a central type : and that while Ci^guiana 
probably show^s an exaggeration of this displacement, so that the spor- 
angiophores appear immediately below the bracts of the next upper 
whorl, Faiaeastackya is a modification of the Caiamostaihys type in the 
opposite direction, so that the sporangiophores are axillary in position.- 


Emuhvoloov^ 

The archegonium of Rquisetum lies with the neck directed upwards. 
The basal wall, which first segments the zygote, appears approximately 
horizontal : the embryo is thereby divided into epibasal and hypobasal 
halves: the shoot arises from the former, the foot from the latter, I here 
is some conflict of evidence as to the place of origin of the first root: it 
is referred by Sadebeck to the hypobasal half in E. arv^nst and paluitr^ 
(Fig* 214);® but Jeffrey traces the origin of the toot to the epibasal half 
in E. hkvtak^ though with some uncertainty; but in any case it arises 
high up on the side of the embryo in that species, and in dose relation 
to the primitive shoot. ^ The absence of a suspensor simplifies the 
embryogeny. As in the Lycopodiales^ so here also it will be found 

U^kkling, p. 375. ^Compare Scott, Pragrtsms, i., pp- 160161. 
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esseinial lo a picj[jcr iiiKieistandiTig of the embryogeny to fix the attention 
primarily upon the origin of the apex of the axis^ which is defined at a 
’lery early stage in Etpirninm, The epibasal iiaif of the embryo h 
described as dividing into octants by walls at right angles to one another: 
one of the octants then takes the lead over the others, and it is this one 
which gives rise to the avis, with its tetrahedral apical cell like that in the 
mature plant : the product of this octant soon constitutes the greater part 
of the epibasal region (Kig. 214 iv.). A little consideration of the facts 
thus staled will show, first, that the octanl-walls are the natural preliminary 
Steps to the defitiition of a tetrahedral initial cell centrally in the epibasal 
hemisphere : the octant-walls might even be held to be themselves the 


first segmentations in the definition of that ceil ; secondly, that, con- 
sistently with the initiation of a conical initial cell, the origin of the axis is 
in the closest possible relation to the point of intersection of the octant- 
walls, just as it is found to he m the Lycopodiales, fhere is, however, 
this difference, that the apex asserts itself very early in Juji/iseftmy which 
is in accord with the early dominance of the axis over the appendages. 
These arise as three (or sometimes only two) leaf-teeth* borne upon a 
coalescent sheath* which is described as originating partly from the 
remarning three octants of the epibasal half, but partly also from the 
lotver portion of that which gives rise to the apex of the axis itself. It 
seems quite unnecessary in such a case as this to attempt to allocate the 
several parts 10 definite octants : clearly if the leaf-sheath be partly derived 
from the stem-octant, this is not rightly so named. Probably the allocation 
of parts to definite octants would not have been attempted in 
had It not been found to apply with apparent success elsew'here, and 
especially in the Perns, In the present case it seems more natural to 
regard the whole epibasal hemisphere as formative of the shoot : from this 
the stem-tip originates at the central point by the simplest course 0 
segmentation, which happens to involve octant-walls, while the penphera 
region of the epibasal hemisphere gives rise to the first leaf-sheath with its 
three teeth. The shoot thus established continues its apical growth 
directly upwards* forming successive three-leaved sheaths, followed soon by 
the appearance of accessory branches. The hypobasal half of the embr)o 
meanwhile becomes slightly distended, as the “foot/' which remains in 
contact with the prothallus after the young plant emerges. The roo 
originates laterally in the hypobasal hemisphere in £. arvttm and palitstn 
(Fig* 214)^ but in E. hkmak it appears to be formed laterally at some 
distance from the base, and even from the epibasal hemisphere. 

This embryogeny accords readily with a strobiloid theory. The apex 
of the axis arises early at the usual point in dose proximity | ® 
intersection of the first octants* and it is dominant from the first, 
leaves, which are minor appendages in the mature shnot, arise relative y 
late, and are not prominent features in the embryogeny. The branc mg 
is clearly accessory, as it is also relatively late in the time of its appearanc 
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It has been se^en in ihe Lycopods that the root is constant ndther in tho 
time nor in the place of its appearance : it has been also seen that it 
originates in the epi basal region iii Lyetipadhim and but in 

in the hypobasal. It need therefot’e be no cause for surprlsOp but rather of 
increased interest that ilte point of origin of the first root should fluctuate 
within the genus Ei/uhetam. Its indefinite position in different cases 
Stamps upon it with special clearness the character of an accessory to 
the shoot itself, which its late appearance in certain Lycopods seems 
further to confirm. The whole embryo thus consists of a spindle like axis 
with continued apical growth ; its base is like that of hfMtvs w'ithoiit any 
suspensor. The leaves and roots appear as appendages upon this spindle- 
like axis. 

Naturally, the embiyogeny of the fossil Equisetales is not accessible 
for comparison. 

From the account of the Equisetales given in the above pagest it is 
possible to form some idea of a primitive general type for the phylum. 
They were probably, from the firstj organisms with a prominent axisi 
while the leaves, of moderate size, ivere arranged in whorls, iviih 
elongated internodes between them. The rotjt was an accessory addition 
to the shoot Spore-produciioiij which is so important an event in the 
antithetic alternation, does not figure in the early stages of life in 
any known Equisetal type, but appears only late in the individual life. 
There is little direct evidence among the Equisetales of any deferring 
of spore-production, by abortion of sporangia or of sporangiophorcs, com- 
parable with that which is so clearly ir^dicated in the Lycopodiales, But 
comparative evidence shows that in the Equisetales spore- production is not 
restricted to branches of any definite rank, and transfers of the reproduc- 
tive function from branches of one rank to those of a higher rank may 
occur in nature, and are illustrated in various living species of E<pth£ium, 
This, coupled with the fact that there is essential structural similarity 
betw^een axes of all ranks In these plants, makes it seem probable that 
axes of low'er rank, and finally even the primary axis itself, may have 
been fertile in a primitive Erjuisetoid type ; that a deferring of spore- 

productlon by transfer from axes of lower to those of higher order 

occurred, and that thus the initial vegetative system was greatly extended. 
In the Calamarians a secondary development of tissue.s in the axis accom- 
panies the enlargement of the vegetative system, which thus attained 
dendroid characters, now only faintly reflected in the smaller living forms. 

It would appear from the elongated form of the lax cone in such types 
as Calattmiuchys^ and especially from the usual intermixture of bract -leaves 
and sporangiophores in them, that among early Etjuisctal types a ct>ndition 
existed not unlike that of the undifferentiated Lycopod shoot of the Sda^^n 
type: that is^ a general-purposes shoot^ in which the office of spore- 

production was not strictly differentiated from the function of nutrition, 
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in |>oint of fuel brLic e-leave? and spoiangiophores are associated together 
in Calamaiiiin [strobili : iliese may typify tlic primitive shoot as the strobilus 
of /ir, does tbiU off the Lycopods. A separation of these appendages 

might be effected in ways ivhieh are iiere suggested by analogy with other 
phyla, ratlier than by direct observation in this. In the Lycopodiales it 
has been seen that abortion of sporangia occurred in certain regions^ 
wliicli thus became more effectively vegetative : such abortion of sporangio- 
phores would produce a vegetative region In place of a CalamariaTi strobvlus. 
On the other band, abortion of the bracts in the sirobilus would produce 
the condition seen in Ar^kaeocaiamiks or in EpiheUon \ inoreover, in the 
Equisetales^ where the sporangia are borne upon sporangiophores with 
enlarged distal etids, such protective structures are not required in cases 
where the sporangiophores are crowded : in fact the abortion of the whole 
bract-leaf in the specialised strobilus Vould bring with it no biological diffi- 
culty, It seems probable that both of these factors may have been effective 
in producing the conditions show'n among the Equisetaies. In the Calamites 
the chief distinction between the strobilus and the vegetative shoot is in 
the absence of the sporangiophores in the latter It is true that no 
observations of vestigial sporangiophores have been recorded, but it is to 
be remembered that where abortion is complete no record remains of 
what has happened, and that this is the case in many Locopods where 
there is good reason to hold that abortion of sporangia has occurred. 
Lt seems probable, then, from comparison of strobili and vegetative shoots, 
as well as from analogy with the Ly copods, that abortion of sporangio- 
phores will account for the distinction of the strobili from the vegetative 
region in CahnuHtachys. 

IJut in other cases the segregation of leaves and sporangiophores was 
more fully carried out. In Phyll&theca successive fertile zones appear, inter- 
rupted by whorls of sterile bracts. On the other hand, the strobilus o 
Equisetum is without sterile bracts at all: this condition* which may e 
held as the more advanced, is shared by Archuc^fcaiamiks, It 
however, uncertain bow the Equisetoid type of strobilus arose: possibly 
it was without bracts from the first : but more probably it originate 
by the complete disappearance* from the fertile head, of bracts ongi 
nally present; in thU case the annulus, which survives as having a 
biological value for protective purposes, may be held to represent the ? 
remnant of the series of abortive bract-whorls. The evidence for sue 
progressive separation of the vegetative and reproductive functions is no 
so conclusive in the Equisetaies as it is in the Lycopodiales ; but the ac Sr 
so far as they go* are at least in accord with a theory of such a 
acting on a shoot in which the two functions were originally combine i 
a manner similar to that seen in other primitive Pieridophytes, 

As in many other phyla, terminal bifurcation of the axis is see ^ 
but here it appears only as a rare abnormality^ The normal branc mg 
are accessory^ in their origin, and are effective as reduplications ot 
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origina^L shoot. I lie appendages spring laterally below the apex of the 
axis, but even m extreme types they never attain to very great dimensions. 
All interesting point is the dichotomous branching of the leaf in early 
forms: this is important for comparison with other phyla, and will have 
its place especially in the comparative morphology of the strobill* 

It is possible to account for even the most complex types of the 

liquisetales as resulting from advances along the lines O'f ramification and 
of progressive sterilisation above indicated, but starting from the simple 
shoot with its appendages. With this view of the general Equisetal 

morphology the development of the embryo of coincides, tlie 

axis taking the lead from the first, while the variability of position of the 

first root is a further indication of its accessory character. Finally^ 
the vascular anatomy, so long held to be Phanerogamic in its character 
rather than Pieridophi^tic, is noiv shown to be referabie in origin to a 
primitive mo nos tele ; the structure in the known forms is far removed, it 
is true, from the condition of a solid xylem^core ; but it has been shown 
that the structure of the xylem that remains is clearly indicative of origin 
from a primitive type of monostele. I'hese characters taken collectively 
point in no uncertain way to a strobiloid origin of the Equisetal 
sporophyte. 


CHAPTER XXVIII. 


II. SI’HENOPHVLLALES. 

T HJS> second pliyjum of the sporangiophoric Pteridophytes includes the 
title^fainily of extinct fossil plants, the Sphenophylleae, and associated with 
thena, though perhaps somewhat aloof, as differing in certain important 
features, is the living family of the Psilotaceae : this contains the genera 
Psiioitim and Tmesipt^risy Certain other imperfectly known fossils may 
also find their best place in this relationship. The Sphenophyllales are 
characterised by having a dominant axis, with protostelic structure, which 
bears leaves of moderate size, with more or less furcate branchings and 
arranged either in whorls {Sphefiophylhim) or alternate (Psilotaceae). An 
important distinctive character is the insertion of the sporangicphores not 
directly on the axis, but upon the appendages : they are thus marked 
off clearly from the Equisetales, notwithstanding that they have many 
points of resemblance to them: these points are more marked in the 
Sphenophylleae, while the relation of the Psilotaceae is rather towards 
the LycopodialeSn The whole phylum thus occupies an intermediate, or 
perhaps a central position, which gives its study a very special interestr 


A . SPHENOf* H V LLE A E- 

This ancient ai>d long extinct family is represented according to present 
knowledge by the undivided genus Sphin^phyUa^n \ but associated more 
or less distinctl)' with it is the complex strobilus known as 
The Sphenophylleae as at present known dated from the Calciferous 
Sandstone series of the Lower Carboniferous formation, and extended 
upwards to the Pentilan. They were plants of straggling habit, with the 
usual vegetative region preceding the spore-producing parts: these were 
commonly borne upon definite terminal strobili, but at least one case is 
known where the definition of the vegetative and reproductive regions was 
less clearly marked* In the case of CheU^ostrobus the vegetative region 
is still unknown, 
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The vegetative system of consisted of a slender Srsis 

(Fig^ 215), with elongated and fluted internodes intervening between 
successive superposed whorls of leaves, which in the cone, and sometimes 
in the vegetative region, were more or less webbed below. The branching 
of the shoot was irregular and monopodial 1 the branches were isolated 
and apparently axillaryd though it seems uncertain whether they were 
not actually, as in Equhehna, inserted 
betw^een two of the whorl ed leaves rather 
than in the axil of one. 

The leaves in each whorl numbered, 
as a rule, some multiple of three, six being 
a frequent number, though as many as 
twelve, or even eighteen, may be found 
in some species. They were commonly 
wedge-shaped, and more or less forked 
in the venation, with very various cutting 
extending more or less deeply between 
the forks. In some of them, and especi- 
ally in the early forms, the leaves were 
divided into linear or even filamentous 
segments (Fig. 216, a, a.). Potonie points 
out^ that the earliest forms had narrowly 
linear, branched leaves, those of later 
occurrence had larger, more broadly wedge- 
shaped, and unbranched leaves: thus the 
size of the leaf increased in the rising 
geological scale, while the branching of it 
fell olT. Hut, on the other hand, a striking 
feature illustrated in the well-known S. ctffiei- 
Jolhitn was the heterophyllous cliaracter. 

Here on the same plant finely cut leaves 
may be found below' and broader, w'edge- 
shaped leaves above, while in the strobilus 
the leaves are again finely cut (compare 
Fig. 215). Commonly the members of one 
whorl were equally developed, but in. the 
forms from- the tflossopteris Flora, named 
Trizygia^ they were unequal Examples of the leafEige of different types of 
SphtJiophylh are shown in Mg. 216, a, b, c, i>. Hie plants were fixed in 
the soil by diarch roots, which appear to have been borne on the nodes ; 
but the details regarding them are imperfectly known.' The whole plant 
seems to have been of a w-eak, straggling character. 

The internal structure possessed greater distinctivei^ess than the e.'iternal 
form, and showed a marked secondary thickening: this originated very 
> Scoti, Sfudhs, p. K2. 5 Enght and Prantl, 1 , 4, p. 51&, =>St:ol(, ]?. 92, 
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early, so that ilie unaltered [jriniary state is seen only in small twigs, 
Here a protostelic structure as seen, without any pith or conjunctive 
Iji^renchyina, The primary .\ylem Is of triangular form, the groups of 
proE,o?ty]eiii, either single or double, being at the projecting angles; or 
the angles may be duplicated, and a he.'iarch form be attained. The 
vascular system is strictly cauline : it passes through the nodes without any 
appreciable change of structure, a point of interest for coitiparison with 
the Ivjuiseta! structure as interpreted by (bvynne- Vaughan.^ A pecuUaniy 
of some importatice for further comparison is shown in the primary wood 
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of the ancient species, S. from the calciferous sandstone: here a 

canal is formed at each of the three angles of the primary wood, pre- 
sumably by disorganisation of the protoxylem, as in the Equise tales 
(Fig, 217). The cambial activity commences immediately outside the 
primary woodj and results in a broad zone of secondary wood, w-bieh 
completely surrounds the primary : it is traversed by continuous medullary 
rays in S. but in the later species these are represented only by 

little groups of thlmwalled cells, which form, nevertheless, a continuous 
system. Outside the wood lie the phloem and the cortex, the latter 
showing a formation of periderm, which may be repeated, resulting m 
a scaly bark. 

^Compare Willianisoii and Scvlt, /WrV. Trans. ^ voL clxxxv*, pari, ii., p. 9^*' 

-Scotl, Sfnt/t^Sj p. SB, 
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The leaves appear both iVom their and from thdr ^Iructuru 

to have been the assimtlating organs, while the a.Nis ttjok little part in 
that function. 'I "heir parcnch3'matous tissue was, however^ mechunicaily 
strengthened by bands of sClerenchyma, 'The vascular strands given ofj 
at the nodes usually branched within the cortex of the stem into strands 
which passed out as tire veins of tlie leaf, iliougli in sonic cases a single 
strand entered the leaf. 
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'I'fie strobiliis of Sphnuiphyiium was construeied on a plan sinitlar lo 
that c^f the vegetative shoot, with slight structural differences, and with 
the additional fact t!iat the sporc-pruduciiig [larts are present, These look 
the form of sporangiophores, resem Idling in their main feat arcs those of 
other sporangiophoric J^tcridophylts. J'he most obvious differences beiwcc]i 
the strobiliis and the vegetative shoot are that the inltrnodes are shorter, 
and the leaves, which are elongated as before, frecivienily show a distinct 
webbing below, 'The result is that the whole cone appears extenudly as 
a compact body, with the sporangiophores very ade^|uatdy protected till 
mature (compare Fig, 215). The various fossils described under the 
generic name of Sphen^phyiium show differences of detail in tlie uurnbei 
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and position of the sporangiophorei^, as well as in the number of the 
sporangia borne liy each of tliemn These differences offer curious analogies 
to those of floral construction in Angiosperms : but the latitude of 
variation here shown is suc h as would in Angiospermic flowers form the 
basis of much wider distmciions than those of species, or even of genera, 
It is not improbable that upon this basis the genus will ultimately be 
broken up, as detailed knowledge of it increases i meanwhile the following 
types of disposition of the sporangia have been described 

1 he sinnplest is that seen in S. itichomafsstim^ Stur, from the Middle 
Coal Measures, where the sporangia appear solitary near to the axils of 

the subtending bracts, which were here of ver)' 
narrow form. It is an open question whether 
the single sporangium was here really sessile, 
or was borne upon a vascular stalk, as in other 
species, but in this case exceptionally short. The 
evidence derived from impressions does not suflicc 
to decide this point (Fig. 218). From the guarded 
statements of Zeillerj^ it appears probable that a 
similar disposition of the sporangia is found also 
in S. and fenerrimum^ and it may 

be noted that these are all small species with 
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narrow leaves, Jti the welbknown A. Stern (A, Damom^ 

VV^ilL and Scott), each sporangium, single as in the foregoing species, is 
borne upon an elongated pedicel— the sporangiophore, The sporangio- 
phores in this case are, as a rule, tw-ice as many as the bracts of the 
subtending whorl: each is traversed by a vascular strand w^hich terminates 
at the base of the sporangium. The sporangiophores are inserted close to 
the base of the leaflverticil, which is here webbed into a wide cup: and 
to this the pedicels may be adherent for varying distances upwards (Fig, 
219). The vascular supply of the sporangiophores is derived by branching 
from that of the subtending bract, of which they thus seem to be 
appendages. In the regular cases the foliar strand on entering the verticil 
divides into three, the single lower branch supplies the bract, while the 
other two enter the two sporangiophores.^ A further complication is seen 
in S. Romeri^ Solms Laubach^ for in this cone two sporangia are borne 
on each sporangiophore, hanging down from its peltate distal end. The 
sporangiophores are disposed in three concentric verticils on each whorl o 
bracts, and are attached by short stalks traversed by a vascular strand, 
which branches to supply the two sporangia (Fig. 220). The analogy 
the sporangiophore of the Equisetales is more obvious here than in t e 
previous cases, where only a single sporangium is borne on each. But n 
appears stiil more plainly in A* maj/ts, Brongn.^ from the Middle oa 
Measures^ but as yet knoivn only from impressions. This species is 

^RAppartii d. Sphcmphynunit pp. 31 , 

*For dtfidls, see ScoU, Siudits:^ p. 93, etc. 
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imei'ostirig from the fact iii> MrobrSus h ooi a strietly dcEiiiiie one 

(Fis^, 22\), The number of the leaves in the whorl of the vegetative 
region is tiot constant ■ six to eight have been observed by Mr. Kidston, 
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'riie branching of the leaves; is variable^ and even the two halves of one 
leaf may be Line(|tial : ibe sporophylls are especially narrow as com|)ared 
wiili the foliage leaves. I’ he strobilus k characterised by the shorter 
length of the internodcs, though this is variable also in the vegetative 
region: a gradual transition occurs at the limits of the fertile tract, but 
without any sudden alteration of the sixt or form of the leaf: the sporo- 
phylk stood out from the axis just like the ordinary foliage knaves’ but 
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wero us^iiecl a\ the base into a nairo\%' sheath or collar surrounding the 
axis. The transition to the strobilus is plainly seen at the lower limit of 
the larL^e specimen from the Brussels Museum, described and figured by 
Kidston : towards the upper limit of the specimen, where the sporangia 
cease, the axis is emninued in the vegetative niatmer, with longer internodes. 
These fai:i,s plainly point to tl^e absence of a highly differentiated strobiles, 
and the existence in this species of a Si’/tigo '' condition, where the fertile 

region is a mere iione on a continued axis. Not 
on])' does S\ stand as yet alone in the genus 

by the indefinitencss of its cone, but also in the 
character of its sporangiophores. One of these is 
borne near to the base of each forked sporophyll 
(Fig. 222) : tlie sporangia, which are 4-6 in 
number, but usually four, are grouped round a 
central attachment ; and though no elongated 
pedicel can be seen, still the fact that when they 
are removed from the bracts they still remain 
united in groups of four to six. indicates that 
they had a common base. In favourable cases 
Kidston has been able to demonstrate that a 
radial line of dehiscence is clearly marked, 
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corresponding in position to that of the synangium of Fsthitnn^ to which 
the whole structure shows a remarkable resemblance. As a last type, and 
not the least remarkable of this variable genus, may be mentioned the 
fructification of S. ferdk^ recently described by Scott.^ It is characterised 
by the fact that both the ^‘dorsal and ventral lobes are fertile,^ by which 
is meant that the bract bears sporangia as well as the sporangiophore, 
which it subtends. Dr. Scott remarks that this is ‘*more probably due to 
special modification than to retention of a primitive condition/' 'Vilh 
this opinion 1 readily concur, adding the further comparison of this 
condition with the common variation of BotrycMum where the 

sterile leaf is often partially, or even completely fertile (compare Fig- 85)- 
Lastly, there remains to be described that remarkable cone from the 
Calciferous Sandstone of Burntisland, named by Scott Ch^trosf an 
placed by him in relation to the Sphenophyllales, vrhile recognising a so 
its affinities with the Equisetales and Lyco pod i ales ^ The vegetative system 
of the plant of which this is the fructification is still unknown, fhe cone 
itself Is of large size, and shoxis greater complexity than any of the known 
sporangiophoric types. The r(>bust axis shows structural characters sug' 
ge stive of a Lycopodinoiis rather than of a Sphenophylloid affinity. ^ ^ 
central stele in transverse section has a solid star-shaped xylem-core, wit 
twelve projecting pro toxy I em -groups, corresponding lo the senes of sporo 


^ Royy Aek ., Dc.X-, find P' 

^Scou, P/iii. I'rant., "^ol. iSfjs, 1897? “ ChfErii-'iLr'obus. 
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pbyllsF rhese wtrje arranged in whorU of twelve, and were superposed; 
each consisted of three sterile lobes palmaiely divided, and it bore upon 
its upper surface, and inserted close to its base three sporangiophores ; 
each of these was provided with four long pendent sporangia attached "to 
its peltate distal end (Fig. 223). So far as the vascular connections are 
a guide, it may be concluded that the sporangiophores are appendages 
of the branched sporophyll, and especially of its middle 
segment, since a vascular strand supplying them originates 
from the bundle which runs into the middle segment of 
the sporophyll. This strand divides then into three, 
and one branch enters each of the sporangiophores 
(Fig. 224), Thus, as Scott himself points out,^ the 
course of the vascular bundles supplying the sporangio- 
phores and bracts is essentially the same in Sphem- 
phyliu^jt and Cheirostrobus^ though necessarily more 
complex in the latter. 

There can be little doubt of the fundamental 
correspondence of the various types above described: 
they all coincide in the presence of spore -producing 
parts subtended by sterile bracts arranged in whorls: 
and notwithstanding their differences in number, and in the number of 
sporangia which they individually bear, it is safe to conclude that the 
sporangiophores are homologous throughout the series. Their similarity of 
general structure to the sporangiophores of the Equisetalcs is most clearly 
seen in SphenophylluJH or in greatly elongated form in Cheirosfrabits : 

considering this in conjunction with their correspondence in function, there 
is reason also to recognise a d!istiiict relation to the sporangiophores of 
the Equise tales. In point of position there is the difference of their being 
leaf-borne, as against the axial insertion of the Equisetales ; in fact the 
relation to the leaf Is similar to that often seen in them, but closer. 
The conclusion seems inevitable that the sporangiophore in these two 
phyla is a member of similar morphological rank, though it may in both 
phyla show some variety in its exact position. 

And here it will not be inapposite to point out in support of this vie^ 
some features of structural similarity which exist between the Equisetales and 
the Sphenophy Hales. They will be best illustrated in brief by the juxta- 
position of Scotds two figures (compare Fig. 217 ''itb Fig- 225}- The 
former shows the transverse section of the ancient S. insigit^ fr^^ 
Burntisland, which differs from the later Sphenophylls in having a cans 
marking the position of the protoxylem at each angle of the primary woo t 
also in having continuous medullary rays in the secondary wood, 
scalariform tracheides In place of those with numerous bordered 

^ A second specimtrn, belonging also to Mr, Kidston, to whom the original disco J 
was due, shows only eleven protoxylems. 

p. 113 . 
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Compa^ring tliis with l-’ig. 22 f;, w'hich is from the axis of CahmmhKhys 
Biftfuyant^ there is a similarity in outline of the primary stele; Init 
this is not constatu in the species it cannot bear weight in the coinparison. 
I’he points of importance are, the similar canals, of like positiqn to those 
of S. and like them showing the ptisition of the protoxylem ; the 

continuotis medullary rays, and the similarity of the tracheides. These 
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features apjiesir to indicate a real striietural resemblance, and it is important 
10 note that the nearest approach is between the oldest of the Sphenophylls 
and the strfdhlar structure of a Calamite ; for according to the views here 
advanced, it is in tlK* strobilus that the more primitive siTuctnre might be 
anticipated. 

A special interest in relation to the sirobiloid theory attaches to 
SpJmwphyiium mujui, with its ilt-defineti cone. It Is imiiortant 10 note 
that this state, so prominent in Lyc^pmUitm^ is found in that s|]ecies 
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tif in which the arrfingement of the sporangia is in a group 

di^>pc>sed radially around a central attachment— a condition comparable 

with that of tlie Calamarianst and which was 
probably a relatively primitive stale. Finding these 
tuf> feEatiires connbined in the same plant gives to 
both additional weight. But they are also combined 
in that other series which, following the suggestion of 
1'hotnas, are here included wdth the Sphenophy Hales, 
viz. the Psilotaceae. These will now be described, 
and the general discussion of the morphology of the 
sporangiophoric Pteridophytes will be reserved till it 
can be illuminated by the facts which these living 
genera supply. 



Bh PsiLOa'ACKAK. 

The genera Ttmslpkrh and Psiioium are the only 
living representatives of this peculiar and somewhat 
isolated famil 3 ^ wdaile there is nothing known among 
Fossils W'hich can wdth any certainty be ascribed to 
it. They have commonly been classed with the Lycopodiaks, and, as 
we shall see, there are many undoubted points of resemblance in that 
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direction. But increasing knowledge of the Sphenophylleae^ as wd 
of the Psilotaceae themselves, has indicated a more natural position o 
both together in the phylum of the Sphenophy Hales. The two genera o 
the Psilotaceae are so similar in their general characters that there 
doubt of their close affinity : on the other hand the differences of detai 
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betwtieii them, as well as the variiUiorts h\ tlic individuals in either ^enu'i, 
afford ait important basis for 
comparison with other forms, 
throwing light upon fluctuations 
of structure which would other- 
wise be more pii^tzling than 
they now^ appear to be. 

Hoth genera are rootless^ 

The green, more or less shrubby 
shoot, is established in the 
substratum, which is usually of 
humus character, by means of 
a plexus of leafless rhu^oiiies 
invested with rhlj;oids, and 
penetrated by a mycorhi^ic 
fungus. 'The nutrition of these 
plants is thus of a mixed char- 
acter, partly saprophytic, partly 
by photosynthesis. The aerial 
shoots bear appendages of tw^o 
sorts, desci’ibed as foliage leaves, 
ivhich are simple, and sporo- 
phylls, w'hich are forked. Those 
may be associated together 
irregularly on the same shoot 
w hich thus takes the character 
of a lax, untlifferentiated stro 
bilus. 

In T/fit's/p/cris, of wliich the 
single species T. fa/i/ifm/i is 
native in Australasia, though 
extending northwards to the 
Philippines, the structure is 
more simple than in Piikiinm. 

Its habit is peculiar, the plant 
being established on the trunks 
of tree-ferns, though occasion- 
ally it has also been found 
growing upon the ground* 

The rhkome, which Uses it in 
the substratum, is repeatedly 
branched in a dichotomous 
manner and is without appen- 
dages other than rhizoids. Branches ol this system turn ujnvards to the 
light, and develop as the aerial slioois ; these are tisually themselves 
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iinhranched, llioitgli occasionally a dichotomy may be observed (Fig. 226 a). 
'The aerial shoots dilTer froivi the rhiitomes in bearing appendages : first, 
small scale like bodies aie producedj but higher up they enlarge gTaduallyj 
till the condition of the rulh^-formed foliage leaf is attained : this is about 
half an inch long, and flattened in a vertical plane. The basal vegetative 
region is continued directly into the fertile region : here the distinctive 
feature is the forked sporophylld which bears the sporangiophore seated 
at the fork, and on its adaxial surface ; each sporangiophore supports 
two targe and confluent sporangia (Fig. 236 IJ, c). The disposition of 
the leaves upon the mature a.xis is irregularly alternatCt and this appears 
in transverse section of the apical bud (Fig. 227) : here the axis shows 



la;, Fk;. 33®. 

TiffliiTiVcr^e iceti-on throuRh T'mciipterU iaKntniiti vjirtowS 'intiSual fofmi 

l.nnl of J flJT" «r sjjOFO'uhyi] .''inj J’ 

jtMS. _/=f&liLn;^ IflavtiJ, /Blnicral iingiuni ih siIwtUvc : in ii. anti ][[. on': jmvIus 

lobes. fjv«synansi.i. Xao. .iborclvt ; otlicrs shyw a. larger numlttr* or luciiH 

olherf . 3 g;iin, rjgbt finJ 
lowsir sliqw a. single Incului, the stpltim 
bting inip^rlrtl, absent. 

a very irregular outline ownng to the decurreni bases of the appendages- 
it is also apparent that these are alternate : it may also be noted that 
in the case figured three foliage leaves (/) are inserted above the three 
sporophylls (/, sj, /). 

The fertile region forms a very lax strobilus^ in which the follo^^'ii^g 
features may be noticed. It does not differ markedly from the vegetatne 
region in the size of the parts which it bears : it is not composed exclusive!) 
of sporophylls, but foliage leaves of the usual type may be iniersper&tjd 

" Tlie icrminoVogy bert useij is thsu of ScoU p. 479 )- ^ haiing 

1S93 {Sini/iys, part i.) used ihe lern^ spofa-t^giophore in a wider sense than 
as 10 include die bifid spomphyll iiself. Such an extension of tlie icnii otiscures 
]>atural comparisons not only with the Sphenophylleao, but also with other 
phoric types. It is best lo restrict the vSe of tho wotd in the Psilotace&c to ^ 
body borne by the bifid sporophylU often designated also the synangium. 
opinions previously held as to the morphology of these appendniges need not be 
again here. It will sufhee to refer to n>y i,, p. 539 n where they have 

considered at some length, with references to the literature relating to iheni. 
also Lignier, Bailv See. /.mn. ek Normanditj 1904, p. 95, and footnote. 
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among the bifid sporopbylls : not uncommonly there is a reversion from 
the strobilus back to the ordinary vegetative slate. In fact, as regards 
relation of foliage leaves and sporophj'llsj the conditton is the same as 
that in the section of Lycopodium^ with its successive, but little 

differentiated, sterile and fertile zones* But not uiicomEnonly the fertile 
zones of Timsipkris show differences from the nornnal as regards the details 
of the spore-bearing members at the limits,, or about the ntiddlc of the 
fertile zones : ^ about the upper and lower limits, but especially at the upper, 
variations of reduction from the normal, both of sporophylls and of 
synangia may be found : these may appear in the abortion of either 
loculus, or of both of them (Fig* 228 u iL iii,) : or the two loculi may be 
imperfectly formed^ the septum being incomplete between them^ and the 
synangium is then replaced by a single loculus (Fig. 228 lower row). It 
would appear that these reductions are to be correlated with deficient 
nutrition at the limits of the fertile zone. Conversely, about the middle of 
a fertile zone, where presumably the nutrition at initiatioti of the parts is 
most efficient, certain sporophylls may be developed beyond the normal 
limits: in the simpler cases an additional Loculus may appear in the 
synangium (Fig. 228) j but in well-developed plants Thomas has found 
that not infrequently the sporophylls may show^ a repeated dichotomy, and 
two or even three normally shaped synangia, or sporangiophores, may be 
produced, one at each fork of the sporophyll. He has also described liow’ 
the sporangiophore is not always sessile as it is normally, but may be 
raised up on a longer or shorter stalk ' also that it may at times be replaced 
by a leaf-lobe of outline like those which are normal. The theoretical 
bearings of these several variations, which do not appear to be uncommon, 
where the plant flourishes well, will be discussed later. 

In, Ihihium the main features resemble those in Tmtsipkris^ but with 
differences of detail* The genus consists of two well-marked species, 
P, iriqueirum^ which is upright and shrubby, with a radially constructed 
shoot, and P. fiacciditm^ which h w’eak and [lendulous, ivith a bilaterally 
flattened slioot, bearing the ap[>endages on its margins. The underground 
rhizomes are rootless and leafless, as in Tmesipferh^ but are mure profuscl)' 
bifurcate : they are covered with rhizoids, and show mycorrhiza. 4'hey 
produce gemmae, which freely propagate the plant vege la lively. 'I'he 
aerial shoots also bifurcate much more freely than in Tmesipkns^ in 
planes successively at right angles (Fig. 229). On these the minute vege- 
tative leaves are disposed, but with no constant or definite arrangement : 
they appear as small subulate processes, arising from the projecting angles 
of the green axis, and are commonly without vascular tissue. In the upjx:r 
regions of strong shoots they are replaced by sporophylls which are bifurcate 
as in TmtsipUrh^ though very small : each bears a short-stalked sporangio- 
phore, which supports three synangial sporangia. Here as in Tmesiptirii 

^ Many of ihc dtrlailii burc cmlxidied are lakeiii from Thomas, /t/w. liuyu .S’tti. , vtA^ Isis. 
P- J43- 
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the fertile shoot is very lax, and does not form a definite strobilus, while 
foliage leaves are interspersed irregularly between the sporophylls. There 

is thus a condition in 

Puloium also, and it is even more 



V 


iriqxistrftfKt Sw. Shoot shcuing 
dichotomy, ktisarine minute tMlh-like stcritc leaves, nind 
lur^id synAngia attached to (he tni-tiiilc sporo- 

jihylls. Ie i5 to noted thiit a steifJlo region intervenes 
tetwcoii two fertile regiiMiFi, NaEdiral iiat- 


obvious than it is in Tmeupkrk. 
Psii&fmn is also open to deviations 
of structure of the sporeproducing 
parts : reduction of the sporangia 
from the normal three to two is 
not uncommon, though it appears 
frequently to be the result of arrest 
of one of the loculi. In other 
cases the number of the loculi 
may be increased to four or five.^ 
Thus in the Psilotaceae sporangio- 
phores may be found bearing 
sporangia variable in number from 
one to five* The observations of 
Thomas also show - that there are 
fairly numerous instances in Psih- 
tum of a second dichotomy of one, 
or even of both branches of the 
forked sporophyll : in the former 
case two sporangiophorcs are 
present and three minute leaf-lobes, 
in the latter ease three sporangio- 
phores and four leaMobes. I he 
synangia are in these instances 
closely crowded together* and in 
some cases at least irregular quin- 
quilocular synangia are due to the 
fusion of two original primordia m 
close proximity. There are no 
statements as to the position in 
the fertile region which these 
abnormalities hold. From the 
above facts in Fiilofum^ as well 
as those in TmtsipknSi Thomas 
draws the conclusion “that repeated 
dichotomy of the sporophylls of 
the family Psilotaceae is an ancient 
this much at least is clear, 
of further 


feature." Without accepting this position, 
that the present Psilotaceae possess morphological possibilities 

^ Solms Laiil)acli* Ann. fard. BoLi E^tilenzorg, iv., p. 174- 
^ Pro£. R^y. vol. Isix. , p. ;;!49r 
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amplification beyond whai is hdd to be the normal for ibcm. It is a 
different question whether these were ever efifeciively realised in the paf%tj 
and thus figured as normal features in any ancestral race. Nevertheless it 
is hardly possible to avoid the comparison of the forked sporophylls of 
the Psilolaceae, and these extra branchings, also with forked leaves, which 
are so prominent a characteristic of the Spbenophylleae. 

From the study of the external characters of the living Psilotaceae it 
appears that the sporophyte is readily referable to a strobiloid origin. The 
rootless condition and the leafless rhizomes present no difficulty, but 
rather the reverse. It may^ however, be a question whether this condition 
was primitive in them, or the result of reduction in accordance with their 
peculiar habit, As regards the lax shoots, the dichotomous branching is 
reminiscent of the Lycopodiales rather than the Sphenophyllalcs. I’he 
vegetative development of the lower parts of the aerial shoots,, as well as 
the condition .so clearly seen in their upper regions, corresponds 

to that of the simpler Lycopods, while it finds its correlative also in 
SphenophyUum 'I'he chief points of divergence as regards external 

form are the shape of the leaves and sporophylls, and their alternate 
arrangement, though they share the latter with most of the Lycopods. 
The reduction or abortion of sporangiophores about the limits of the 
fertile zones compares with the imperfect development of abortion of 
sporangia in a similar position in f.ycQpo^iuim and others ; while the 

amplifications noted by Thomas about the middle of the fertile zones in 
Tmisipt^yh only accentuate the recognition of those Jiones as distinct from 
the sterile parts. Accordingly tbe general reference to a strobiloid origin 
w'ill ap[)ly to the Psilobiceae wath equal force to that in the case of 
Lycopodium^ and this will be so upon the facts themselves, whatever the 
genetic relations have been between the Psilotaceae, the Lycopods, 

and the Sphenophylls. 


I )|'VK;.OPi\] HN T Oh J lIK SpORK'PrOUUCINC Pakts. 

I'he apical cone of Tmetipieris is very variable in bulk : in strong 
young shoots it may he a broad dome, while in weaker specimens, or 
those in which the apical growth is beginning to fail, it may be com 
para Lively narrow. Passing from the actual apex the sides of the cone arc 
covered externally by deep prismatic cells, which are of somewhat irregular 
€>rigin, depth, and arrangement. When a leaf or sporophyll is about to be 
formed, certain of these increase in size, and undergo both perklinal and 
aiuiclinal divisions so as to form a massive outgrowth, the summit of 
which is occupied, as seen in radial section, by a single cell of a wc^dge- 
like or prismatic form : it is not improbable that the latter passes over to 
the wedge-like form as the part develops. In these early states it is 
impossible to say wliether the part in question will be a vegetative leaf or 
a sporophyll, and even when older it is $till a matter of uncertainty, so 
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ijimiUr are lhe\- in Iheir initial stagefj, though so dinTerent when mature, 
I hose, however, which are lo develop as sporophjils soon show ati 
increase in thickness, ^\'lli]e they grow less in length ; an excrescence of 
the adaxial surface soon becomes apparent (Fig. 230 \), in which the 
superficial cells are chiefly invohed : this constitutes the sporangiophore. 
Tire superficial cells at first form a rather regular series^ they undergo more 


c 
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Ttufsi^/crri ftijiuftfsif- A = very }-<3une frurn ihi^ .i^AKial 

or [ht h]}orapKj-|l^ X loo, ^ = a sporophyll bc:irinE much older ^iiangiuin ; the 
e«iioU» masHcs are shaded, x iifo. C»part of a radial wCLjon <sf n loatiiro syiian^ivim 
showing tho instrllD^s of the scpioirtL x 300. 

or less regular divisions: a band of tissue some four or more layers in depth 
is thus produced. At about this period certain masses of cells assume 
the characters of a sporogenous tissue (Fig. ^30 is) ^ but though they can 
be recognised as such by the character of the cells, it is exceedmgy 
difficult to define the actual limits of these sporogenous masses, The 
more superficial tissues, as ivell as the band intervening between the two 
sporogenous masses remain sterile, the latter developing into the septum, 
while the former develop into the walls of the synangium : it is special y 
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to be noted that the origin of the tissue of the sterile septum, which 
separates the sporaiigiaj seems to be similar to tlvat of the sporogeoous 
masses themselves. 

As the development proceeds, it is still dillficult to recognise with 
certainly the exact limits of the sporogenous masses : this is probably due 
to the fact that there is no very clearly defined lapetum^ nor is the whole 
of the sporogenous mass used up in the actual formation of spores ; but a 
considerable proportion of the cells composing it, acting as a diffused 
tapetum, become broken down, and disappear in a manner similar to that 
to he described more in detail in (Fig. 231). 

Finally, a strand of vascular tissue, of which the origin may be traced 
in Figs. 330 At P, is formed, extending upw-ards into the sporophyll ; 
on entering the sporanglophore, it passes up to the base of the septum, 
and there branches right and left, the two branch-bundles traversing the 
margins of the septum. 

When mature, the wall of the synangium consists of a superficial layer 
of deep cells, with thick cell-walls, a band of ihinner-walled compressed 
cells, three to four layers thick, supporting the superHcial layer internally 
(Fig. 230 c). These cells have pitted walls, and are not definitely 
limited internally, but irregular tatters of celFwall project into the cavities 
of the sporangia, showing thus that there is no clear limit between the 
wall of the sporangium and the tapetum. 

The septum shows In the main a structure similar to this inner band 
of the wall, with which it is continuous ; it consists of a firm plate of 
narrow tabular cells, four to six layers in thickness, with profusely |>itied, 
w'oody walls. 'The septum is also coated by the remains of t h in ner-w ailed 
disorganised cells. As already noted, the branches of the vascular bundle 
which enters the sporarrgiophore pass right and left up the margin of the 
septum ; these bundles are seen as bands of tracheides in transverse sections 
through the lower part of the septum (Fig. 230 c.) ; the bundles are not 
sharply differentiated from the surrounding tissues, and they appear to consist 
only of xylem. A number of traclieides, continuous with the bundle, 
extend along the central part of the septum ; and from the position of the 
bundle, it appears to belong to the septum, rather than the external wall 
of the synangium. The results obtained thus from radial sections have 
been verified by comparison also of sections in other directions.* 

An examination of the imperfect synangial sporangiophores which 
occur at the limits of the fertile region shows them to be frequently 
unilocular : this may be in some cases due to the abortion of one or 
other of the two loculi, but in other cases it is clearly by imperfect 
development of the septum between them, as vestigial remains of it may 
often be found. It has been demonstrated that tissue which would nor- 
mally develop as septum may in these cases develop as tapetum, or 
even as sporogenous tissue (Fig, 231); and thus the unilocular condition 

^See Siui/w, L, p. 543. 
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is auaintd. But the tissue of the normal septum is or common origin 
xviih the sporogeoous tissue itself,, and in the earliest stages does not differ 
from it in position or structure. I'he normal development, in fact, would 
be compatible ^^itli the view that the septum Is formed from potential 
sporo^cnous tissue sterilised : tlie unilocular condition would then follow 
from reversion of that sterile tissue to its original fertile state again. 
This question is intimately connected with that of the origin of the 
sporangiophore, and opportunity will he taken later to discuss it. 

The detailed study of the sporangiophore or synangium of Psiioinm by 
means of sections is more difficult than that of Tmesipkrh on account of 
its iriloculai- character. In radial sections through the terminal bud the 
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young 5porophylls are found to present a general outline and structure 
similar lo those of Tm^sipteris, Fig. 232 a show^s one such: the cell ( ?< ) 
is believed to represent the organic apex of the sporophylh though it is 
doubtful whether it be this initial which gives rise to the whole mass of 
the tissue. The sporangiophore appears as an outgrowth of the upper 
surface of the sporophyll, while the tissue on the abasial side of it is 
already grooving out into a bulky projection. But it has not been possible 
to trace the development of the essential parts of the locuH of t e 
synangium from the superficial cells of the ada?<ial side of the sporophyl 
in this case with the same certainty as in Titmtpierhi this is chie y 
owning to the stalk being here narrower, and to the fact that only oi^e 
loculus can be cut in a median direction in any one section; supposing 
this to be the median plane of the whole sporophyll, then it will be t e 
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abfixm] loculus which will be thus iraverscd, A truly radial section of a 
young synangium is shoAvn in Fig. 332 k* the arrow indicating the direc- 
tion of the Euain axis; the cell ( ) is a conical celi^ which is commonly 
though perhaps not constantly found occupying the centre of the apkai 
surface of the synangium. The cell shaded is believed to be the arche- 
sporial cell for one of the loculi, but after comparison of a large number 
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of sections I am still uncertain whether the whole of the sporogenous tissue 
ill each loculus is really referable to a single [wrenl cell, for just the same 
ditliculty arise.s here as in m recognising the exact limits of 

the sporogenous masses. 

The subse(]iient stages of development are illustrated by Figs. 232 c, i\ k, 
and it will be seen from these how the sporogenous masses assume large 
dimensions, and are at first composed of uniform cells. J'he wall of the 
synangium meanwhile becomes multiseriate, and the cells of the outermost 
layer assume a deep and prismatic form, while the inner layers are narrow. 
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The satnc U the character of the more superficial cells of the sporogenous 
maiS {Fig. 232 d), so that it L almost impossible to recognise the limit 
between the tissue of the wall and of the sporogenous mass ; the superficial 
portions of the latter become disorganised without the formation of sporeSt 
but there is no clearly defined tapetum. Such is also the fate of a 
considerable proportion of the more central cells: for as the synangium 
develops, irregular groups of cells of the sporogenous masses assume 
dense granular contents, and subdivide, while the others remain paler, 
with more watery contents, and do not divide : the former undergo the 
final tetrad 'division and form spores, while the latter become disorganised 
The actual slate of partial disorganisation is shown in Fig. 252 ii j thus a 
partial sterilisation of cells of the sporogenous tissue, essentially similar to 
that in lif/uiseft/ffiy is seen also in rsthtamy and, as above stated, it occurs 
also i[i 

In both genera the lines of dehiscence at maturity are defined 
structurally. In Psihfrtjn the lines radiate from the centre, and it has 
been seen that a similar condition may be recognised in the sporangio- 
phores of Sph^i^ophyiluni nwjus. I'hus, in the broad outlines of 
structure, in function, and in position the sporangiophore of the Psilotaceae 
is the correlative of that in the Sphenophylleae. It remains to see how 
far there is a correspondence also in the anatomical structure of these 
plants. 


Anatomy. 

The internal structure of the Psilotaceae is relatively simple, m 
accordance with their outward form, 'Phe axis is traversed b}' a stele, 
which is fundamentally of the proiostelic type, and limited by an 
endodermis which is more definite in Psihiim than in Tmmpt€ri&. J he 
broad cortex which surrounds the stele is variously differentiated m the 
rhizome and in the aerial shoot: in the former it consists of starchy 
parenchyma, with endophytic mycorhiza in the outer layers, while the 
superficial cells grow out into rhizoids : in the aerial shoot the stele is 
surrounded successively by thin'Walled parenchyma, sclerencbyma an 
assimilating tissue, while peripherally is an epidermis with stomata. uc ^ 
characters, however, present little that is of comparative value ; it 
the vascular tissue that a belter basis for comparison is found 

I'he structure of the stele' in FsikianP varies according to the position 
and size of the part : in the rhizome there is often no protoxylem, □ 
the xylem consists of a somewhat irregular, and exiguous group 
scalariform tracheides, surrounded by an ilhdeveloped phloem, 
pherally there is a definite endodermis. At the base of an aena 
the xylem increases in bulk, w-ith interspersed parenchyma cel , 

' 1 These sialeineflts based parLij on personal observations, bul also ^ 

Miss Ford ctf BaL, Kviii,, p. 
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proioxylem makes its appearance: where the protoxyiem is clear it is 
evident that the differentiation of the primary xylem is centripetal as it 
is» with local exceptions, throughout the aerial shoot. Passing upwards 
along the aerial shooh the peripherally projecting protoxylems increase 
in number, the whole stele enlarging : finally, in transverse section the 
xylem appears as a hollow, many-rayed star, while the centre is occupied 
by sclerotic tissue. Peripherally as before lie the phloem and the endo- 
dermis ^Fig. 233). An examination of the lower pari of the aerial shoot, 
and of some adjoining parts of the rhi cornet shows a feeble secondary 
formation of xylem : there is no definite cambiunij but the additional 
tracheides which arise from the tissue outside the primary wood ofiei’i 
show signs of a radial arrangement. The secondary development fades 
off as the stellate structure of the upper region is attained. Thus 



Krr., ajj. 
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Structurally the base of the stem of Psthfum recalls the stem of Sphemh 
phylhim, tJvjugh with very feeble secondar) growth, while the upper part 
of the stem resembles the axis of the cone of though on a 

simple scalcj and i^'ith fewer \yleitt-ra)'s. 

In the stem of Tmesipkrk iio secoiulary development has hitherto 
been found. 1 he rhizome exhibits much the same structure as that of 
Piiiotum, with a .solid grou[> of tracheldes at the centre, or in weaker 
branches an irregular xylem^ring, surrounded by phloem, and a very ill- 
defined endcjdermis. Often there is no distinct |>rotox) lcm ; but, as the 
passage is made t<^ the aerial stem, protoxykm may appear; its position 
in all the upper region is mesarch. In weaker shoots, and especially in 
the u|4>er legions, the cauline tissue of the stele fades out: the leaf- 
traces become the main feature of the vascular system, which In trans- 
verse sections is ihe.v represented by a ring of separate strands; each 
of these has its mesarcli proloxylem corresponding tej that seen in the 
leaf trace (Fig. 334): in point of fact this becomes a iibyllosiphomc type 
of structure. In strong axes, however, the sylern may still form a 
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coherent rm^ surrounding a central pith, hut with the protoxylem 
mesarch, 

The cliief anatomical difierence between the two genera appears thus 
to be in the position of the protoxylem. But Boodle points out that 
locally a niesarch position may be found in Fsiioiim also, and he con- 
cludes that both genera might be referred to a common parent form, 
in which the aerial stem had a rayed mesarch xylem-mass, the suppression 
of leaf'traces having caused the loss of centrifugal wood in the one genus, 
and the influence of the leaf-traces in the other genus having broken up 
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the xylem into .distinct bundles. ^ He further recalls the fact that m 
Cheirostrohus there are indications of a mesarch structure, while 
chyma is present among the tracheides towards the centre of its stee. 
such cells in response to mechanical requiremenEs might readily e 
converted into mechanical tissue, as in Psihhtm. It thus appears t at 
the Sphenophylleae and Psilotaceae show uniformity in the general type 
of their vascular construction, though the details are subject to const er 
able fluctuation. This result adds point to the comparisons already 
based upon the external characters and the spore-producing , 

the same time, it is to be remembered that a structure resemb ing a 
of Fdhium and amrmivQbus is seen in certain of the Lycopodiales j 

p. 515. 
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particular it is foui>d in wliert also iht; luaf- trace 

bundles are of the mesarch type. 'I'he comparison has also been made 
by Miss I*ord ^vith BothyndrndroH r/iif/tdruti : in this case the corre- 
spondence seeniK to be rather with the rldzome of Psihfum ihait with 
its aerial shoot. 

Emhk VOLOCfV. 

Of the embryology of the Psilotaceae nothing is at present known. 
Even the prothallus has not been recognised with certainty, though 
Ur. Lang> has described the structure of one which may ivitlt a 
reasonable degree of probability be referred to Psihium. It was 
closely associated witli a plant of Psihfum, in a locality where no 
species of Lywpodmm (with wl’tich a mistake of identity might occur) 
were observed growing in the same situation. This^ as w-ell as 
certain comparative reasons, made Lang regard it as probable that his 
prothallus is really that of Psihhtm, It w\as a prothallus of the wholly 
saprophytic, subterranean type, corresponding to that of L. or 

amiphnahim \ it bore antheridia, but no archegonia or embryos. 

The initial embryology of the Psilotaceae is thus a complete blank. 
It is to be hoped that ultimately this blank may be filled : meanwhile the 
following remarks may be made as indicating the nature of the problem 
which the further data may be expected to solve. 1'he relationship of 
the l^silotaceae to the Lycopods, long recognised on characters .of the 
mature sporophyte, has lately been in a measure discounted by a better 
knowledge of the Sphenophylleae, though the prothallus provisionally 
attributed by Lang to PsPotum would appear to point to a strengthening 
of the former relationship, A connection also with the Equisetales is now- 
more clearly recognised than formerly ; and it will he remembered tliat in 
these the axis asserts itself early, while the first leaf-sheath appears 
relatively late, as a suh.sidiary appendage. In the sporophyte of the 

Psilotaceae wc see a rooile.ss plant, with branched, leafless rhizome, while 
the qjpeiidagcs appear first on the aerial shoot. Tt may be expected that 
the embryology should show^ some evidence bearing on ttie t|uestJOTi 
whether the leafless and rootless condition of the lower parts is primitive 
or the result of reduction. If the embryo showed, like that of Lywpf^dmm, 
cotyledons and a primary root, that would be positive evidence that the 
rootless and leafless condition seen in more advanced stages of the plant 
was a result of reduction. If, on the other hand, the embryo developed 
without appendages directly into the rootlesi^ and leafless rhi/.ome, then 
either of two interpretations would be possible: either that reduction 
had been effective back to the earliest pliases of the individual or 
that the sporophyte at first represented that primitive state of an u.xis 
without any appendages, which a strobiloid theory contemplates in the far 
back ancestry i it is significant that some remote approacli to this is seen 

^ Ann , of y.v\i\., 1904, p. 571. 
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in the embryo of wilh its direct and early assertion of the 

axis, and the relatively late and subsidiary character of its first leaves, 
It is naturally impossible to express any opinion on such [joints at 
present ; but it is to be remarked that the facts relating to the mature 
plants of the Psilotaceae as they stand would bear either of those inter- 
pretations, So far as expressed^ current opinion appears to favour the 
probability of reduction in accordance with habit, and especially so in 
the case of where the leaves lend themselves readily to an 

interpretation as reduced structures. But whichever view be ultimately 
laken^ a strobiloid theory would meet the facts more readily than any 
phytonic theory of the shoot. 



CHAPTER XXIX, 


SUiMMAKY KQR SPHENOPH VLLALES AND 
FOR SJ^ORANCHOPHORIC P i ERIDOPH YTES GENERALLY. 

]t hai; now been seen ibat the two living genera of Psilotaceae, thoiigli 
differing an tire number of sporangia on each sporaaigiophore, as well as 
in the si/,e of the appendages, correspond nevertheless in the essential 
characters of form ; they are alike in the rootless and leafless rhi/ome, 
in the irregular alternate arrangement of the appendages^ and in the 
relation of the sporangiophore to the forked sporophyll. The anatomical 
characters also correspond, though with differences open to biological 
explanation. No one will therefore doubt the natural affinity of these two 
genera. 

I he relation of the Psilotaceae to the Sphenophylleac has been only 
lately recognised. Previously they w^ere placed w-ith the Lycopodia ceae, 
and in the above pages points of similarity to these plants have been 
repeatedly noted ; such as the dichotomous branching of the primitive 
monostelic axis, the imperfect differentiation of the vegetative and fertile 
regions, and the relation of ihe sporangiophore in ihe one and of tlie 
sporangium in the other to the sporophyll. It was Dr. Scott who first 
indicated the closer relation between the Psiloiaceae and the extinct 
Sphenofrhylleae, on the ground of anatomical resemblance, as well as the 
similarity of the spore producing parts this view was further developed 
by Ihomas, on the basis of observation of many sjjecimens ii:i their 
native habitat." 'Phe chief difference seems to lie in the fact that the 
appendages of the former are irregularly alternate and distinct, w-hile in 
the latter they are in regular whorls, and webbed at the base liut the 
genus Lycopmtrnm, which includes sjjccies with wh<jrfed and others with 
irregularly alternate leaves, shows that K^o much weight must not be 
attached to such a distinction relating to kindred forms. ^ 'I'here is also 
the difference of branching, which is terminal aitd dichotomous in the 

499' Proii voL , jj. j 4 j. 

’Cuiii|Mtrc Scott, Py&gr^siii$i i., ji. i66. 
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I^siloiAceaCj Sind appftr^^iitly axillary in the Sphenophylleae. But the analogy 
of Eipfhcfitm 15 interesting in this relation, for there, though the normal ‘ 
branching Is monopodia^ a terminal branching of the strobilus sometimes 
occurs. Thus the points of resemblance appear greatly to ouhvelgh the 
didferencest and the Psilotaceae and Sphenophylleae may well be grouped 
together as representing one phylum— the Sphenophyllales. 

Examining the plants thus designated from the point of view of a 
strobiloid tlieory, the Psllotaceae show in the most pronounced way the 
” Condition, while about the limits of the fertile Kone In Tmesipkris 
imperfectly formed sporiingiophores are often seen, which bear a similar 
interpretation to the abortive sporangia in Lycopodium. The matter is 
complicated here, it is true, by the marked difference between the simple 
sterile leaf and the forked sporophyll ; it has been shown, however, that 
in the first stages of the individual development these parts are indis- 
tinguishable. Though in SphenophyUum the strobilus is definitely marked 
as a rule from the vegetative region, it is important to note that 
Sphctiophylhun majus^ which most nearly resembles the l^siloiaceae in the 
form of its appendages^ has also an indefinite strobilus, with continuation 
again upwards into a vegetative state. Thus in both families the shoot 
shows e.xamples of imperfect differentiation. This goes along with a 

development of the sporophyll, both In Tmesip/or/i and in SpA mo/us, 
as an effective organ of assimilation, which is a further mark of a low 
differentiation. These facts may be held as justifying for the Sphenophy Hales 
a line of argument similar to that for the Lycopodiales : that a definite 
strobilus has been the result of diiferentiation in a shoot in which the 
vegetative and reproductive functions were not originally separate. It is 
true that the case is not so clear for the Sphenophyllales as for the 
Lycopodiales i this is consequent on the number of the known species 
and of individuals available for comparison being much less, and the 
knowledge of the fossils more limited. It will perhaps be objected that 
the earliest known cone of this series, ChtirosiroiHi&^ was perfectly definite 
and highly specialised, while the earliest indication of a less specialised 
type is In Spiu majusi.^ But the fact that so often the earliest knoi^n 
fossils of any phylum are very complex does not prove that such types 
w'ere earliest in evtjliition. d'hus Cheirosirobui among the Sphenophyllales 
and Fieudobornh among the Equisetales, though respectively the oldest 
representatives known, are both extreme forms, as compared with the other 
members of the phyla to which they respectively belong. In estimating such 
facts we should reflect that at the present day primitive and recent forms 
grow side by side, and both or either might be preserved as fossils; also 
that the chances of this happening depend upon many varied factors, o 
opportunity, texture, habitat, etc. The chances of discovery at the P^sent 
day are equally varied. When these points are fully considered it wi 
be clear that stratigraphical position of those Isolated fossils which happeti 
to have been discovered and described should not suffice to prove an 
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evolutioEiary prioriiy in face of strong comparative evideince lt> the contrary. 
Accordingly the existence of the complex and definite cone of 
as the earliest of the Sp hen ophy Hales cannot be held as invalidating the 
conclusion above stated. 

In ail these .sporangiophoric Pteridophytes the axis is the dominant 
part of the shoot, and takes the kad in its development, This is shoivii 
anatomically by the t}pically protostelic structure of Sphemp/iy/itim, udiile 
the foliar strands insert themselves marginally upon it. In the Psibuceae 
the type of stem-structure is the santCt but the xylem becomes liollow 
and medullated in the upj>er region, and in Tifit^siphris it maj' break 
up into separate strands. Even in the apparently divergent case of the 
Equ isetales it has been shown that the vascular system is referable to 
a primitive type of monostde, though greatly reduced in accordance with 
a serai-aqua.tlc habit. Notwithstanding such changes ihe structure of the 
axis in all these fortns indicates origin from a type in which the axis is 
predominant over the appendages^ the vascular supply of these being 

inserted with the minimum of disturbance upon the cauliiie stele (Clacto- 

siphonic type of Jeffrey). This confirms the theory of a strobiloid origiiij 
with pre-existent axis and subsidiary appendages. 

The differences in number of the sporangia on the individual 
sporangiophore call for remark. In the Sphenophylleae they have been 
observed to vary from six in Spheiwpltyihtm fmyus to one only in 
iS. while Psiiolum and Tmesipieris take a middle position with 

three and two respectively. In the Equisetales the number in the 
fossil form appears to be cotiimonly four, but in receipt si>ecies of /u/uhe/fim 
the number may lx‘ much larger and variable.^ In the Sphenophyllalus 
the variations present some points of interest : the number six occurs 
only occasionally in the one species nanr^ed, while four is the usual 

number in that species;, which it shares with But in the 

species of SphenophyHnm with compact strobill the number may be t\vo, 
or only one. 'rhese low numbers go along with a larger number of the 
s[Kirangiophores, which may l>e twice {S. or three times 

(.S, the number of the subtending bracts* In the former species 

the frequent juxtaposition of the stalks, and the insertion of the vascular 
supply of the stalks upon the stratids supplying the bracts, suggests that 
fission has beeti operative, as in the chorisis of stamens : and it seems 
probable from the facts that with an increase of number of the sporangio- 
phoreSt however brought abouh there ha,s gone a decrease in ilie number 
<jf the sporangia whicti each bears. Accordingly A', and .S'. A'imt/w 

may beheld to bear sporangiophotes of a type reduced from the original: 
and a Central type of sporanghiphore would appear to be one with about 
four sporangia* 

The typical position which such a sporangiophcjre holds in the 
Sphenophy Hales is one of attachment in a median position to the up|jci 

• [ii Ca/amites I lie |>enduloiis spoiiiiii^mphorv l>c:ira si sjjrjrftn^iunt. 
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surface of the sporophylL This is illustrated by the living Psilotaceae, 
and b> some species of SphaiophyUum, notably S, majus, which shows 
other Characters held to be primitive. But it is departed from in 
S. Dmvsom an<l S. R&fHeri^ where the niitnber of the sporangiophores 
is in excesjs of the sporophylls, while the leaf-whorls are deeply webbed 
into a cup I Chdro^irobtn is also an exception^ but there the three sporangio- 
phores correspond in position and number to the lobes of the tripartite 
sporophyl] : this condition, together with the vascular connections^ suggests 
a parallel amplification of the sporophyl! and of the sponangiophotej to 
which we shall see modern correlatives later amojig the Ophioglossaceaen 
ThuSj though liable to modifications, the characteristic position of the 
sporangiophore in the Sphenophyllales is in a median position on the 
upper surface of the subtending bract. 

Here 1 must enter my dissent from certain “interpretations’^ which 
have been given of the leaf-borne sporangiophore. In cases where it 
is inserted on the upper surface of the leaf, as in the Sphenophyllales, it 
has been designated a “ventral lobe.” If “ventral lobes" ivere of 
common occurrence on the vegetative leaves of these or of other Pterido^ 
phytes, there might he some meaning in the term. It lies with those 
who use this expression to show^ that such “ventral lobes” exist normally, 
other than these .spore-producing bodies which they so designate. If they 
do not normally exist, then calling a leahborne sporangiophore a “ ventral 
lobe"' merely leads to confusion, and provides no explanation of its real 
nature. It introduces the idea that the sporangiophore is a result of 
“metamorphosis” of some pre-existent vegetative structure, of the nature 
of a “ ventral lobe/’ an opinion untenable in the absence of proof that 
such bodies existed in the vegetative state. 

But, on the other hand, it has been shown above that in the Kquisetales, 
a series undoubtedly related to the Sphenophyllales, parts similar to the 
sporangiophores of the Sphenophyllales in structure and in function are 
borne upon the axis and have no constant relation to the bracts : for 
reasons assigned above (p, 383, etc.) these are not themselves to be held as 
foliar. Study of such sporangiophoric types, not separately but collectively, 
thus leads to a conception of the sporangiophore as a non-foliar structure, 
which may be inserted either on the axis or on the leaf, though in certain 
groups it show’s a regular relation to the latter. It is, in fact, a part sut 
as much as the sporangium is, and not the result of modification 
of any other part. 

The history of individual development of the sporangiophore, as traced 
in Tmeiipkrit and Fsihlum for leaf-borne types, and in Eqnhetum where 
they arise directly from the axis, gives a clue to their nature. The sporan- 
giophore first appears as a broad cushion of tissue, in the peripheral parts 
of which the sporangia are early initiated : these are from the first orientated 
outwards from the centre of the outgrowth. In the Psilotaceae (as also 
in S. fitajus) they maintain this, which may probably have been their 
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priQiitive position tit! iniLturily. But in tlie Equi set ales the |>e]idiil(His 
position is gradual]}^ assumedj the inversion of the sporangia being 
brought about by active growtli of the middle region of I lie sporangto' 
phore. This inverted position was probably a derivative state, as ii^leed 
its gradual appearance in the development of ilte individual would seem 
to indicate. The result presumably of a similar inversion is seen in 
Chsirnsirohus and in 5 . Romeri^ while it appears to have been general 
in the Equisetales. 

This discussion leads naturally to the question whether in the cases 
before us the synangial state, as seen in the Psllotaceae and in S. 
is tile more primitive, cjr that with separate sporangia, as seen in Ei^uhi^tum 
or in Ck?irti%troiiu$^ So far as individual development can. serve as a 
guide it w'ould point to the former, for in their first stages all sporangio- 
phores arc synangial, and the state as seen in the Psilotaceae is merely 
ttie consequence of maintaining to maturity the relation of the loculi as 
at first initiated. The condition seen in EquisHam^ on the other hand, 
is a consequence of the individual projection of each developing sporangium. 
When this Is considered together with the inversion which goes along with 
it, it would appear probable from the story of development that the erect 
synangtal condition was relatively primitive, and the condition with separate 
inverted sporangia a derivative state. 

In view of the initial synangial condition of all young sporungio|>hores, 
the further fiuestlon arises of the origin of the wliole structure in descent. 
It has been designated a placental growth : is there any clue from develop- 
ment how it came to be? It has been pointed out (p. 414) that in the 
young sporangiopbore of Tm€Upkri$ the origin of the tissue of tlie sterile 
septum which separates the sporangia is similar to that of the sporogenous 
tissue, while in certain reduced, sporangiophores the septum may itself be 
sporogenous. l''hese facts point, irj the simple case of Tmtsipkris^ to the 
conclusion that the septum is not e.ssentially different from fertile tissue, 
arid suggest that the whole body arose from the subdivision of a single 
sac, together with upgrowth of the adjoining tissues. In fact, that the 
sporangiopbore is really a form of sorus, resulting from seplation of a 
primitive fertile loculus, together with upgrowth of its receptacle or 
placenta : the se|>arate loculi would llurs be carried outwards with its 
growth. 'The facts of development as well as of distribution of the sporan- 
glophores readily coincide: with this view of its probable Origin. There 
is a biological probability that this mode of progression u> a more complex 
state should occur, lor the nourishment of separate loculi is more readily 
carried out than that of one large one, while the scattering of the rijje 
sports is more certain wliere the sporangia project. Lastly, there is 
precedent for the conversion of sporogenous i Issue into sterile hi 
and apparently also in i.fpidtukndron^ while numerous Angiosperms show 
.septa in the anther, formed by sterilisation of fertile tissue in the manner 
here suggested. 
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On ihe grounds thus stated at appears probable that m the Sporangio 
phoric Pteridophytes the aporangiophore is a non-folaar structural arising 
either on or on leaf : that it is of placental origin^ and bears outwards 

as It grows the sporangia, which may be regarded as the results of 
disintegration of a single primitive loculus: that the synangial condition 
of these was the prior state, but that in most cases the sporangia have 
shown independent growth, and now project as separate sacs, often 
becoming inverted during development, a change which brings advantages 
of protection while young. ^ 

Ihe general features of the shoot common to the Erjuisetales and 
Sphenophy Hales may be summarised as follows : 

1. The axis is the predominant part of the shoot: it is traversed by a 
monostele, which frequently shows the protostelic state, with solid xylem- 
core. All known types of vascular system in these phyla are referable in 
origin to that primitive structure. 

2. The lower part of the plant is vegetative: there is a more or less 
definite and compact strobilus above, usually terminal : but in some there 
is an indefinite Selago^^ condition!, characterised, by being more lax, and 
often also more effective for assimilation. 

3x The leaves are simple or branched, in whorls (Equiseiales and 
Sphenophylleae), or alternate (Psiiotaceae). 

4* rhe sporangia in variable I’mmber are disposed radially on the 
sporangiophores, which may be inserted either on the axis (Equisetales), 
or on sporophylls (Sphenophyllaies), but still have an essentially uniform 
character in both types. They are held to be organs g^nerh^ of the 
nature of placental growths. 

5, The sporangia are eusporangiate, and dehisc^ by slits radially 
disposed and structurally defined, 

6. In all cases which have been examined develop men tally a consider* 
able portion of the sporogenous cells distributed through the mass are 
disorganised without undergoing tetrad-division. 

The plants thus characterised lend themselves readily to interpretation 
on a hypothesis of a strobiloid origin. The predommance of the axis m 
the embryology of Bqumtum (the only sporangiophoric type in which it 
has been followed), as w'ell as in the mature shoot of them all, is very 
striking, while the sporangiophores and leaves figure only as minor 
appendages : the primitive monostelic structure of the axis, with mere or 
less definite cauline xylem-core, and insertion of the leaf-traces upon its 
periphery, also supports a strobiloid hypothesis from the point of view of 
internal structure, 'rhe existence of the undifferentiated Stingo con- 
dition brings these plants into line with the Lycopods : the facts showing 
the relation of the sterile to the fertile regions would here be insufficient 

With ibfl above pjirAgrAphg, compare Scott, Studhi^ pp. 496-500 ' also 
v 6 i. i.i p. J65, cic. 
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for consecutive argument but their correst>i!3udeiice with ihoye in 
Lycopotiium^ where the argument can be more fully develof^cd^ points to a 
clear analogy* Accordingly the facts niay be held to indicate a probability 
that here also a progressive difTerentiation of sterile and fertile regions 
from an indifferent shoot which performed both functions has been 
effective, and that abortion of sporangia has played its part. 'I'hat tlic 
strobilus which we see is the residual and now specialised fertile tract, 
while the vegetative system below^ has been initiated, or at least extended, 
by abortion of sporangia: this results in deferring the spore-| 3 ioduction to 
a later period. Appendages of two sorts are recognised throughout, vi?:. 
the leaves and the spovangioph ores : the former remain effective for 
assimilation or for protection in the lower vegetative region : in the 
strobilus the two may exist together, and even show intimate relations: 
or the sporangiophores only may be present, as in the true 

leaves being absent, perhaps by abortion. 

As regards spore-outpub continued apical growth and branching have 
served as a set-off against the progressive sterilisation in the region heloiv. 
but in addition these plants illustrate a probable amplification of the 
spore- producing members themselves, by septation and upgrowth of tlie 
vascular placenta, resulting in the sporanglophore itself : this is a more 
effective spore-producing member than a single sporangium. Another 
method of advance has probably been by fission, which increases the 
number of sporangiophores; but this appears to have brought in its train 
a corresponding reduction in the number of the sporangia, as seen in 
Sphemphyiiiofi Datesiftn'^ 'Phus both evidences of increase and of deciease 
in number of sporangia are illustrated in this, as in most other phyla of 
Vascular Plants. 

Some idea of the probable origin and nature of the sporanglophore 
has been gained by the study of the Etjuisetales and Sphenophyllales. 
It is a member attaining a considerable siiie, and endowed with a vascular 
system, while it carries out the important function of spore-production. 
'Phere is no prtma fiuk reason why such a niember should show any 
strict limitation of ske. The larger it grew, the greater would be its 
capacity for producing fresh germs r there would thus be an inherent 
probability of its increase, rather than the reverse. When the question 
is asked whether such Increase is illustrated in any forms of Vascular 
Plants, a debatable ground is reached in which tlie Ophioglossales arc 
the subject of dispute. It is only by a careful study of their details 
that an opinion can be formed: this will now be taken up. 


CHAI'TKR XXX. 


01'HI0(;i,0SSAI,ES. 


1 Ht Opbiogloysales include three' genera of living plants: Ophioghsium^ 
with ten species as described in Hookcr^s Synnpsh though 

Prantl distingnishes twcniy-r\ine : I^otfychiunt witli about six, or according 
to Prai’itl fifieen species : and Ph^hmNfkQshKhyi with on!}' one. The three 
genera have well-marked characters in com n^ on, so that there is no doubt 
of their natural affinity. The most distinctive is the fertile spike, a 

process which rises from the adaxial stjrface of the leaf, and serves as 

a basis for insertion of the sporangia : these are of the eusporangiate 
type, and are without any annulus. d’here is no early fossil that 

can be attributed with any certainty to this family, and thus, notwith- 
standing that the appearance of these plants is commonly held to 

be archaic, there is no direct evidence of any great antiquity. Ihey 
have usually been classed with the Ferns, of which thay have been 
held to be an outlying group. Other authors recognise certain 

characters as linking them with the Lycopodiales. A careful consider- 
ation of the evidence leads to the conclusion that they are best in 

place as an independent phylum of the Ophioglossales, and the justifi' 
catioiii of this will appear from the account of them now to be given. 
Any decision on the point of affinity is closely related to the 

question whether the organisms constitute an upgrade or a downgrade 
sequence. In the description wtiich follows the various types of the 
family will be traced from the simpler to the more complex, and the 

discussion, of their relationships will be left over to the‘ conclusion, 
when the facts necessary for forming an opinion shall be before the 

reader. 

^ 'I’ht fcninJiitJoa of 3 . fourth genus ** SirepirtW/tifj / Kas been siigge!ileil by H. L. Ljvm 
Gat., Dec.j 1905), U is l>a!5c.-£! mninly upon emhryolo^ical cleiaii. I prefer for the 
present to snsjwnd any ilecision as to the valichly of this propoSAl, EiwaitlrLff hit detaEieti 
ftatemtrni of the frtcts. 
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EnTKKNAI. CHAKACTKtiS, 

The plants of this cosmopolitan family are all perennials, and arc for 
the tnost part underground-growing organismSj thouf^li some few are 
epiphyliCi. I'he method of their perennation is closely connected w\\h 
their external form. Given a leafy shoot In an underground-growing 
organism^ there are two waj j in w'hich it may be specialised so as to 
secure perennationt and often the arrangements are such as to fit in 
coni-erucntly with alternating seasonal periods of activity and of lesl, ^he 
one is by elongation of the intemodes, accompanied by repeated branching : 
in this case the terminals of certain branches themselves appear above 
ground in the active season^ and may die ofif at its close^ the perennation 
being effected by the branching stock whicli remains in the soil; such 
shoots are usually smalhleaved, and examples are seen in and 

in some of the more specialised species of Lympodium and 
where the primitive upright habit of the main shoot has been discarded. 
The other method is by enlargement of the individual leaf» wdiile the stock, 
vvhich is sparsely branched or even unbranched, remains protected below ; 
this is exemplified by IsoHis in a less pronounced form, but in its most 
extreme type by the Ophioglossaceae, and by some Ferns of such habit 
as Pierii iu^uiiimu I’he stock itself in such plants is provided witli 
sufficient storage- 1 issue* and may in some species be specially distended 
and tuberous (6^. ^raUjhphormde:^^ ^\'alt,, and O. flpun/m, Carmich.). Thh 
type tends to become monophyllous, wdth only one large leaf eN|>anded 
ini each season. Tlie chief biological advantage in the moiiophyllous 
habit in a plant with a perennial sltjck lies in the fact that itie soil 
presents an ol)stacle to the upgrowth of the tender young leaf: the difficulty 
of overcoming this is minimised by the production of only one leaf in 
each Ecascjn, and that a large one, I'liis would apply er|Ua]ly to the case 
of P/i^ris, and to that of the Ophioglossaceae. 

It is then as organisms showing a peculiar specialisation for a perennating 
habit that the Ophioglossaceae are to be studied. There is one furthtr 
point on which it is necessary to be clear at the outset ; the T.ycopods 
and the Horse-tails are snialMeaved forms and show a similar nvelhod of 
perennation; but still they are held to represent distinct phyla. Similarly, 
though the Ophioglossaceae and the Ferns may show in common another 
mode of perennation, accompanied by large foliar development, still this 
does not in itself indicate any near relationship: for clearly leaf-enlargement 
is not the [>Terogative of one phylum only. 

'J'aking first tlie genus Op/it(fidas$uf/i, the well known species O. 
occupies a middle position in the genus (1% 535)3 it consists of a sliort 
upright stock* covered external ly by the j^cars of leaves expanded in previous 
years: thkl; roots, which are commonly unbranched (though occasKjnall) 
showing dichotomy)* and hairless, radiate from it, one being Inserted as 
a rule below the base of each scar ; but this arrangement is not rigid])' 
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maintained here, and is departed from in other spedes^ The apex of the 
stock is occupied by a bud, and according to the season the (jutennost 
leaf (or sometimes two or more of them) may be extended above grounti, 
or it may be still enveloped by the ochreadike stipule of the preceding 
leaf (Fig. 336. r, 2* 3). The bud on dissection shows that the apex 
of the axis is buried deep dowi^ among the successive leaves of the bud : 
each of these is provided with a large stipular sheathi which covers the 
bud, including all the succeeding spirally arranged leaves. There is no 
circinate venation. Each leaf develops slowly in the bud for three years, 
and expands in the fourth yean In spring the young leaf of the yeaif 
bursting the sheath of the preceding leaf^ extends with an elongating 
petiole upwards, forcing its way through the soil: and the broadly ovate 
sterile lamina finally unfolds as a fleshy, undivided expansion* with 
reticulate venation. From its upper surface, at the point of junction 
with the lamina springs the fertile spike, a body which is stalked, and 
bears on either lateral margin of its upper part a dense row' of sunken 
sporangia (Fig. 235 u, p, 0); the tip of the spike is sterile. Terminal 
branching of the shoot is exceedingly rare : a case is recorded by Poirauli. 
But that deficiency is made up by the frequent formation of adventitious 
buds: these may appear in relation to the axis (Fig. 236. S), but more 
frequently upon the roots, where they arise in close proximity to the apex 
(Figs. 235 ^ 3 ^- 7 )- 

These external characters of the mature plant of O. represent 

typically the salient features of the Adder^s Tongues; but to obtain a 
conception of the genus as a whole, it is necessary to examine other 
species, and they will here be taken in a sequence which is held to 
illustrate a morphological progression. The species are not all habitually 
motiophyllous : several small species are found to be polyphyllous, showing 
constantly that condition w^hich is exceptional in 0 , vuigaium (Fig. 235 b, j). 
Conspicuous among them is O. : this rare little plant differs 

externally from other species in the fact that the fertile spike is inserted 
very low down upon the narrow linear sterile leaf* of which three or four 
are commonly expanded at once (Fig. 237). The number of sporangia on 
each s])ike may also be very small ■ but notwithstanding these differences* 
the general disposition of the parts is that usual for the genus. The 
polyphyllous condition which it shows is shared also by O. Michx 

{-0 (mtahph^rmtk^^ Walt.), and especially by £?. nudkijuk, L. fik, where 
it appears to bo common, and even habitual, four to six leaves Ixiing 
simultaneously expanded* and most of them bearing fertile q>lkcs. In 
O, hnifiinkum also, as well as in several other s|>ecies* a plurality of leaves 
simultaneously expanded is the rule. 'I'hat condition is most frequent in 
the smaller leaved forms* and it may be held to connect the motiophyllous 
habit as seen in the Ophioglossaceae with the polyphyllous strobiloid type 
common in other Fteridophytes, 

But the genus shows a capacity for amplification of the parts of the 
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individual leaf beyond what typical!}' ^een in O. though 

characters which are usual iu such species as Or ptfiduliufi or 
appear as occasional abnorn^aiities in Or Titi^atum 
and other species. The large series of e.^amples in 
the Herbaria of Kew and the British Museum have 
been examined in order to elucidate these amplifica- 
tions, and among the specimens compared gradual 
steps of progression are illustrated from the con- 
dition with a single spike to the most complex tj'pes 
of Or pabnatitm. Some of these are here illustrated, 
rig. 238 A shows a specimen in which a single fertile 
spike rises from the adaxial surface of the frondt 
and it may be seen that the vascular bundles directly 
below its insertion continue upwards, and supply the 
centre of the sterile frond ; the position appears to 
he exactly median, as in Or The specimen 

shown in Fig. 238 c also has a single fertile spike, 
but its posilio-n relatively to the twodobed sterile frond 
is not so clearly median as in Eig. a. Fig. 23S o 
shows iwo fertile spikes of equal sue. inserted fiistii,- 
almost symmetrically on the adaxial face of tlie 

four-lobed sterile frond ; such a specimen, when IcK^ked at alone, might 
be thought to support the view suggested by Roeper, and adopted 
by others, that the fertile spike is the result of coalescence of two 
lateral lobes or pinnae; but a comparison of other specimens shows 
that no such view can be consistently supported, and Fig. 238 e shows 
a case which it would be difficult to bring into harmony with it ; 
for here there are three fertile spikes of almost equal si^c, all inserted 
clearly on the adaxial surface of the sterile frond. The next specimen 
{Fig. 238 Kj shows a larger number of fertile spikes, eight in all; 
every one is inserted well within the margin, on the surface of the 
frond, and in close relation io vassmlar bundles which supply the central 
part of it. Of the eight spikes, six are associated in pairs upon a common 
stalk, a character which is fre<|uent in specimens w'htrc the number of 

spikes is large. I’ig. 238 t; shows one of the aiiost elaborate specimens 
in the whole series, wkfi 14 fertile spikes, of which only one is really 
marginal. Here again certain of the sfukes are assoctaietl together, 
especially the lowest group of three, which have a common stalk of inser 
lion. Sometimes, however, the fertile spikes are distributed with some 

nearer api^roneh to ri'gularity than in the above samples, and it is doubtless 
upon such specimens as that shown in l-’ig. 238 11 that the descriptions 
of previous writers have been based. But it is to he remarked thiU such 
specimens are by far the least common among the herbarium plants 

examined. I was permitted to soak out the s[jeeimen slioivn in I'ig. 238 i: 

preserved in the British Museum, and to arrange it so that the position 
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and inseruon of the parts could be accurately drawn. Now it is to be 
noted that not one of its spikes is actually marginal, but each is inserted 
upon the upper surface, just within the margin ; that is most clearly 
so in ilie lower spikes, while the two lowest are seated near to the 
median line, and with their stalks so near to one another as to be even 
slightly united at the base. From the above specimens it will be sufficiently 



F[u. 


Htrb.iriuni (eniceptinE i?, which if^in the Knijsh nii4Keuni)j sTjowing (h* v.intJijSi arr-an^Jf 
of fertile and ihcir insicrtion ji rule inti^-margrnaL 


clear that though the fertile spikes may occasionally be marginal, the 
large majority of them are inserted upon the upper surface of the sterile 
frond, while the lowest are commonly most near to the median line. 

There is a rough, though not exact, parallelism between the number of 
fertile spikes on a frond and the number of lobes of the sterile portion. 
In Fig, 238 0 there are two lobes of the latter, and a single fertile spike^ 
in Fig. 23 S lobes of the sterile (two incompletely separate), ao 

two fertile spikes; in Fig. 23S e, two lobes of the sterile frond, an 
three fertile spikes ; in Fig. 23S f, seven ill-defined lobes of the steri e 
and eight fertile spikes ; in Fig. 23S g, eight lobes of the sterile fron , 
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aiiJ fourteeti fertile spikes, (Jf 70 spedniens examined in and dig 

British Museum, ranging from those with a single sterile lobe to eleven, 
and from one fertile spike to seventeen, the totals came out as follows ; 

Specimens observed, - . - - - - ;o 

Sterile lot>eSt 

I'ertile spikes, * - - - - - '373 

When these figures are taken together wn'th observation of special casts 
as i 11 u.si rated in the dmw'ings, they demonstrate a substantial [jam] lei ism 
between the number of sterile lobes and of fertile spikes, though this 
parallelism cannot be pursued into exact numerical detail. It is plain, 
also, as illustrated by the above figures, that the leaves with most lobes 
are those which are broadest and have the largest assimilating surface ; 
thus, speaking generally, the number of fertile spikes increases with the 
increasing leaharea. 

It has already been pointed out that spikes in a truly marginal position are 
rare ; they do, however, occur, and I’ig, h sliow,s one, together witti its 
vascular connectioi^ with the nurginal bundle of the sterile frond. 4 he 
individual spikes correspond in form and general structure to the single 
spike of £?. vuigaiftm. Hut many of them show various stages of branching, 
The following drawings (Fig. 239) illustrate such steps as may be seen 
in Ophio^lossum palmaium ^ In Fig, 239 a are two spikes, each with an 

imperfect lateral branch, but in both the series of sporangia is continuous 

over the lateral protuberance^ At the apex of each of the spikes of 

Fig. 239 jj is an indication of branching of the same nature. 'I’he branching 
may he more elaborate, as in Fig. 239 u, where there are three borne upon 
one stalk, tlie series of sporangia along the margins of them all being 
interrupted, while it may also be noted that the vascular bundles arc 
united below in the common stalk. But in other cases the series of 

sporangia may be interrupted (Fig. 239 c), so that the two branches now 
appear as two distinct spikes seated upon a common stalk, though the 
central vascular bundles unite below into a common bundle IxTore their 
insertion on the vascular system of the sterile frond. Figs. 239 u and K are 
substantially siitiilar, l>ut show' a more com[jleie separation of the \asculai 
supply for the iwo spikes; while Fig. 239 p shows two spikes in which the 
stalks are completely separate to the base, though the two are inserted 
close to one anolherj and in the same relative [JOKitions a,s the branches 
in Figs. 239 c, i>, and k. 

'J‘he above series thus illustrate successive stages leading up to complete 
branching of the fertile frond. It Isas been suggested by Hitter '■ that the 
simpler examples are really young jilants of O. pi^imuhim, and it seen is 
not improbable that this may actually be the case, and the progression 
be illustrated in the advancing life of the Individuah However that may 
be, it is by comparison of a ptHdulam and of abnoniiul tafjes of 

' linglur anti IVaiul, i., it., |t. 431^^^ 
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O. vu^qatum that an Linderstanding may be arrived at as to. the true 
morphology of palmatum. The fertile spike in O. pendulum is commonly 
simple^ and its insertion is very constant at a median point on the upper 



Fic+ vjg. 

Various SpittS of O. fia/rrmiuiri, showinc rieiaiLs of bn'tnLrhing itnd h^eriwo. 

4^. U, / = splkcs of y, A'cabnornisilitiHiJi cf O. ' 

niF^litkf of O and P arefrOin drtii'irtS* by P^of. Ooel>*r. 

one holf ivitural si^e. 

surface of the frond : it appears that there is no close parallel in <^h's 
species between the lobing of the sterile and the branehing of the 
portions. The mode of branching of the spike, when it occurs, is su^' 
stantially similar to that in £?. pahnaium. Figs. 239 g and H illustra e 
branchings in which the series of sporangia is almost or complete y 
continuous over the branches, but in Fig. 239 1 the series is interrupte * 
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and the three separate spikes are inserted by sterile pedicels upon a 
common sterile stalk. Thus the branching, though less common, ap[)tars 
to be similar in kind to that in O. paimatam^ 

Somewhat similar branchings, though less complete, are not uitcommon 
in 0 . vnl^^atum. In the Kew Herbarium there are certain abnormal speci^ 
mens which are of some interest in this connection. Fig. 239 j represents 
a plant of 0 . taken in wet fields at I’arnhatn, Surrey; from the 

upper surface of the sterile frond arise three fertile spikes, one of which 
is branched, while the point of insertion of another is at some little distance 
from the remaining two, which are seated close together. Tltough Che 
details of insertion are not identical, this may be compared with the Fig. 
238 E of O. p<iimatum^ or as regards insertion of the spikes with Fig. 23S D. 
Another, and much larger specimen, showing a somewhat similar abnormality 
of O. is seen in Fig. 239 k ; there are two leaves from the same 

plant, each bearing three fertile spikes, which have, however, a common 
insertion. Somew'hat similar monstrosities are mentioned, as occurring 
rarely, by Luerssen.^ 

In the Kew collection specimens of (?. relkulaium also sliow abnor- 
malities of a similar nature, though the branching is less complete ; and 
these specimens will serve to show that such abnormalities cannot be used 
to support the view that the fertile spike is a result of fusion of two 
pinnae. One specimen from the Society Islands (liidwell, Herb, Hook) 
shows an equally bifurcated fertile spike, with a long sterile stalk ; this 
might appear to support the hypothesis of coalescence ; but another speci- 
men from Java (Lobb, Herb, Hook) shows three branches, of which the 
central one is the strongest ; comparison should also be made of Figs. 239 
j, K of abnormalities in O. vvdgatuin ; such cases as these w'ould be entirely 
inconsistent with the theory of coalescence as supported by abnormalities. 
It must therefore be concluded from the genus, as we should already have 
judged from the cases of O. pahnaium and 0 . penduifimy that the forms 
which the fertile spike occasionally assumes, gives no constant support to 
the hypothesis of coalescence of lateral pinnae. This being so, and taking 
also into account generally the facts of branching and insertion of the 
fertile spike or spikes in the genus, the hypothesis that the fertile spikes 
are of the nature of pinnae or leaf segments appears to receive no consistent 
support. On the other hand, all the facts are consistent with an hypothesis 
of chorisis of a single original spike, holding a median ada.xtal position; 
and It may be eon eluded that in Ophwgios^am a fission, occasionally seen 
in such species as O. tmigutum^ has become habitual in O, palmatam^ ar^d 
In less degree in O. penduhm. 'I’his is interesting for comparison with 
what is seen in certain of the Sphenopbyllales, where fission of the 
sporangiophore appears to have occurred. 

But besides such probable amplifications within the genus, there is 
also a line of probable simplificaiioii : it is seen in the new species, 

^ Kabn AVjf//, /j'pj'ff, vol. iii., p. 544. 
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S0ir^hitnn Hitchc. Dcv^lflpmctUftl scrici of fthrms in alphabelEcal iuc- 

cession : a/^/ernm Lasch* Thai is young sE^^tS of dcvetojHuAOE » jw-- 

iiitiiA, Milde : and /=«trans[lion ivSve/n/nnit^r, Usch, m ;itid tt r*w h^a 

tiilargcti ferule basal &e^.ine 3 it of ihe sEerlle leaf; 00fn^ita, ^asch , r 

four uriinary segmenEs of Th* sterile PhTiI- Tfh^ dcEcriprion is f™>ri Luersson % ^1 

horsEiS and the drawioES were from siKCLmcns in his herbarium, naiuw 
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O. simpit\\\ Ridiey.^ This ground-growinj^ mycorhij:al [ilam has tail ftrtilL- 
spikes, without any sterile lamina. Anatomically as well as in form ii 
resembles 0 . pendu/um ; but more especially iii its external characters atul 
its habit it resent bks the rare O. Hook, which is also a 

yround-growirg species, P'or reasons ej^plained at length in the paper 
above quoted, it is thought that O. simpkx forms the end of a series of 
reduction of the vegetative S3‘Sten’i conset]ucnt on a mycorhbal habit and 
shaded habitat: that as O, when conqjaretl with O. peminiitm^ 

show^ a relatively large spike but only a reduced lamina, so in 0 . simphw 
the reduction having proceeded further has resulted in the Cftmpleie 
elimination of the sterile blade. 

In the genus Bffty\'<hium the construction of the upriglit si^ick is 
essentially similar to that of Opkhghssmn ^ and the plants are habltualfj', 
though not always monophyllous. The main cJiternal difference lies In the 
branched form both of the sterile leaf and of the fertile spike : these parts 
show a similar parallelism of ramification to that which is present though 
less regular in O. palmuUfm. According to the complexity of the two 
parts the species may be arranged^ starting from those very small and 
sini.]>le forms included under the name Botrychium $impk^, rhese arc 
held by Luerssen not to be actual varietieSj hut rather plants of various 
ages^ and therefore in different stages of development which pass into 

one ai’iother, a point which greatly increase^d^e'ir inttiestl^JogH sqo). 'I he 
sterile leaf in the smallest of these may^ entirely tfiJbpncJjed, as in a 
small Ophliiglosaan^ while the fertile spil^' ab\!i^ unbran 'and bears 
a very small number of .s|>orangia (Figs. 2^ the^fc appear in^ jbio^implest 

cases as individual lateral projections frtw spik^5(t)>tit herOt Lhe 

whole genus^ they are disclosed along A'JJi'ateral nSrgins, in l;hc^saine 

relative position as in 0/>/ikgks^i^/n, I'hAs^s from simple tiffoSttion 
are clearly show'n in buerssens drawings 240 lobatio]l| c^tlie 

sterile leaf progressing in marked ijaratlelisnl'^^witlii branthiW of the^-^tile 
spike: first a simple piimation, and then unMopipient doable pf^n^iom 
'I'he condition Is thus attained which is seen iti tti^ /lonimoK^ 

(Fig, 241), w'here the pirmatlon in its different be ^^^e or 

double. And so omvards through the species, thd" sierile.. lostf^iiay he 
three f/f. or even four times pinnate {B. the 

fertile Spike showing a corresponding comple,vity, J’he whole genus from 

the simplest to the most elaborate, shows such gentle gradations of change 
that the unity cjf type throughout is unmistakable. 

Various abnormal modifications have been described for 
some of them involving the formation of accessory parts, such a 
doubling of the sterile leaf, or increase in number of the fertile spikes, as 

Ophkgkuitm ; but no s[>ecies of Bf^lryihium is recognised in which this 
is established as a permanent character. The abnormaliiic,s involving dis 
tribiition of the sporangia are the most impcjrtain : all stages of vegetative 

^ Set Aftti. i>J |X 205. 
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not an uncommon thing for sporangia to appear upon Ehe sterilt; leaf ; an 
example of this is shown for B. s/ffip/ex in Fig. 240 but ]C IS more 
clearly shown in specimens of Lu>mria 3 4^). Moreoverj not a 

part only, but even the whole of the normally sterile lamina may he tluis 
occupied, and Goebel quotes a locality on the Ostsee where this condition 
has become constant^ The imporiance of this from a theoretical point 
of view' will be discussed later. 



FtC.. U3, 

n^iryikistm LtsKftria. -Si^iik l.iiiiiivai:, wlik-ti ch.XH-vi.ion;tlly prtvjui;? ^jr/) ah 

ctri.'im fimuat, and bayt |.iarcly or wholly .HMriiiitird: tht foritL of ilm; f^irtik Mjike ; / in 
it aijtl C ihc kriik ^l^ikc: Natural >Si«r. (Afitr CiocljtL) 

J'he third genus, NehmnBwstadiys^ differs from the others in having a 
creeping rhixome, which is markedly dorsiventral, bearing the leaves in two 
rows on its upper surface, while the roots spring from its flanks and under 
surface (Fig. ? 4 j). The individual roots are not definitely related to the 
leaves cither in number or jxjsilion, a condition comparable with 
Botrychium rather thai^ with Ophhglussum \ they branch monopodiall)-, aiid 
are hairless, i’he rhizome h normally unbranched - and jx^renniah serving 

' Schenk flandbinhy x in., p. Ji2. 

^fanner oJ iiii., |>. 423) f<jija 4 that Lutvcnlilitms hranches were frccjiientiv 

sten fm ifUl almost ck^urticiiicd pirts uf ilic rliiaoiue of JUtfruu/iwifacAyf. Gwjriric 
Vauj^han of //d/., xvl., p. I70) has descrihtd how in tl^e rixit uf c^:ich kaf] and 

even of the leaves of yoenj; seetllirigs, a narrow otdi^tue invaijiiiaied chai^nel kails 
tWfiuKk ilie ctjncs lo a phni just ouisitlc the siclv, at the up|h;r limii of ihc leaf (rap. 
A mass of prunchyma, covered in except at its a|>es bj an extension of the endudermis^ 
and terniinaietl hy a sinalU ohliipely truncaM, conical projection extends outw^jirds. from 
the sitle to meet ibis invaiiinated cliiniicL He Nuggested that lliesc slraciureii reiire^iinl 
ve^iiigial axillary huds, and that po>tsik|y llie ancestors of / bianol.ed 

more ctipioeslj than the present plant. Gwynne Vaughan’s recoeiiiuo]i of their hud- 
character receive^! its full justification li> the discovery of similar bodies in AWnrA/u^ 
by Itruchnvarm IN^m, 1906. p. 226), which aciually develop inio lueral 
hrarches. He found them present chielly young plants, :md tract.^ their origin 

Kich f,om a single stipcrficial cell of the rhi.xunc : they occur especially vvlierc tf.e axis 


444 


OPHIOGLOSSALES 


as a storage-hod y. The leaves are inclined right and left of the median 
line in acropeial succession^ one as a rule but sometimes more rising 
above ground in each season. The leaf shows a similar stipular structure 
to that seen in others of the family : upwards it consists of a stout petiole* 
with a large lamina usually ternate, each of the divisions being again 
subdivided. From their point of junction rises the fertile spite* which is 
adavial as in other Ophiogiossaceae. But the chief distinctive point is in 
the structure of it ; for numerous sporangiophores each bearing several 
sporangia are disposed in dense serried ranks right and left — that is* in 
positions corresponding to the rows of sporangia in Ophioglosium (Figs^ 
244 and S3), 



fifimfiifhsifaehj-s Hook. Khircme, Ksifural siscc- 

£=lc;Lr; P=pflTi(j[c : i.^'sle-ar scjir, Pnrmcr iind Fr-ctmAni.J 

"ITe spike of Hdtintfthosiachys not uncommonly shows irregular accessory 
branchings, such as those seen on Figs. 239 L, m. These may be combined 
as in Botrychmm with correlative vegetative growth where sporangia are 
absent {Fig* 239 n), while the details of these show in a beautiful manner 

heconies elongattrfi as an internode : the iniilal ceil i? gra<liial]y ovtraiched by uf^rowth 
□f the surrounding ti^uc* while by its sunken position it remains in close relation to l ^ 
vascular system of the rhiptenne. The single cell meanwhile divides into a cclbgroup* an 
may continue to grow, foriiniing a leafy bud. Bruchmann compares ibis bud-foi'inaiion 
with that of lateral buds in many Ferns. The comparison may also be made with t e 
lateral buds <sf Eqmsifnm \ the deeply sunken positian compares not only whh these, ut 
more particularly with that seen in the tuber of Phyihghsstim \ m fact, the sun en 
character in the Ophioglossaceae has probably* as in these plants also, been assume m 
relation to the underground habit. 
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ihe balance '.vliich may subsis^t between tlie vef^etative and ?ipf>ranj;]al 
development (Fit;. ^3y o, r). Sueli changes arc in line wtlh those 
obsened in other Ophio^iossaceae^ and will with them have to be o>nMi([ered 
in relation to j^enera! qijesUon!> below. 

h is easy thus to arrange the (Jphioglos^saceae in sequence, starting from 
simple beginniivgs and proceeding to those which show greater ronipleJiity, 



l-uv. 

Hy 1.. ji =ii ferLik nitll ^t^ll 

cl-O^r^k ^/=^KLit Li-f lIiu Vk'iilt ■'U|»[ u rtJtl . L-‘/l = , 

Svi\. C=u ftiriilL'- hj^ikcr hrjuiui 'OT the >:iiiii: vi'iilt riLt^cu^cd hjhJTZLhj^iji, truiii 

wiililn. /: sJ ihi: >,ti in; frtim v. iEhuit>. A', (/ = /-^i 

/■'•cAitrik*- ,'ind rifrlik r-ei;i4iifcs nf tlie lenf. f/ = hrsiiL'h On- «'iL]i ii iroiii? ut -iiiur. 

riTij;i;ii sntt nl tJn; :l[ni;x iIig ];Ait)in;t-]iki: irrmlimls «f ili? a-rMlt; (Ak^f Ikin-r 

iit I'iitKltr 3]ia Pninil, /J aritr l.ncrs^eit. / , ) 


whether of the vegetative or reproductive parts. It will remain to be seen 
vvheiher such sequences liave any probable relation to truly phyletic lines 
vuhen the internal structure aivd development have beci] ro]vsidere<h 
together with the comparison of the details with those of other Rtertdo- 
phylic liul, meanwhile, it appears certjnn that the three genera 

form a natural group; the sterile leaf and the fertile spike are homologous 
throughoiiu no also is the slot'ki, notwithstanding that it is upright and 
radial in Ophin^iimam anti l>ut cree[jing aiKi dor,si ventral in 



446 


OPHIOGLOSSALES 


Such a difference is of common occurrence within near 
limits of affinity. For reasons given in Chapter XVI. the upright radial 
type will be held to be the primitive, and the dorsiventral as seen in 
Httmhilhcitadiyi the derivative: it is interesting to note that this goes 
along with a large and heavy leaf-development. 

While^ however^ there may be no doubt of the homology of the spike 
in all the three genera, it is to be noted that the level of its insertion 
upon the adaxial face of the sterile leaf is not constant. In most species 

of OpMogiossumi as also in Hehmnthostadiys^ it is at the base of the 

sterile lamina ; but in 0 . Berghxnum^ where there is no differentiation of 
petiole and lamina, it is but a short distance above the insertion of 
the leaf itself upon the a\is In 0 . palmatum it has been seen that the 
numerous spikes rnay be distributed over a considerable length of the 
basal region of the lamina. In Batryckium the differences in respect of level 
of insertion are more marked : in B, Lnxiarm it is usually a short distance 
below the lowest pair of pinnae : in ternatum it may be about four 
inches below' them, and about two inches from the base of the frond: 
in B. dandfoUum the insertion may be close to the base of the frond ; but 
in B. virghiiamm^ on the other hand^ it may be above the second pair of 
sterile pinnae. The chief question in the morphology of the Ophio- 
glossaceae will be as to the real nature of this member, w hich shows so 
variable a level of insertion, though it maintains in a remarkable degree 

its constancy of character, as well as its position upon the upper face of 

the leaf. A knowledge of its development and internal structure will be 
essential before arriving at any definite conclusion. 

Lastly, in comparing the shoot of the Ophioglossaceae as a whole 
with that of the strobiloid types, the essential relation of leaf to axis is 
tlie same. The nearest resemblance as regards general proportion is with 
h&eies, both having the stunted axis and spiral arrangement of the relatively 
large leaves : one main difference lies in the tendency to the monophylloiis 
habit in the Ophioglossaceae, w'hich may be held to be a consequence of 
its perennation underground. It has been seen that in Iso^tes all the 
leaves of the mature plant show evidence of being potentially fertile, but 
that an early abortion of the sporangia leaves some of them sterile, A 
similar abortion is seen in the Ophioglossaceae: in Q. vtdguUtni a rudi- 
mentary spike is often to be seen on apparently sterile leaves, as a small 
peg-like growth in the place where the normal spike would be inserted 
it is shown in Fig. 235 letter 1, In other cases it may be found 
that no vestige of the spike remains. Similar abortive spikes have been 
seen in O. rtUcuiaittm and pendulum^ In Boirychium JLunaria and tiTHpBx 
extraordinarily small plants are found to bear fertile spikes, porportiona 
in si^e to the sterile lamina; but in some cases of small, weak pants 
the fertile spike appears to be entirely absent. In Hdmmmstachys Ung 
observed that abortive fertile spikes are commonly found, subtended m 
each case by a fully developed sterile lamina. It thus appears that t e 
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fertile condition of ihe le^f is nomially the rule in the family : but i]>al 
the fertile spike of the Ojshioglossaceae behaves like the sporangrophore of 
tlie l^silotaceae, or the sporangium of Isoefes or Lycopodium in the matter 
of its abortion : this is complete in some leaves^ while in others a vestigial 
structure remains to show what has occurred. Further, though their 

tendency towards a monophylloiis habit may make such a comparison less 
obvious, the Ophioglossaceae show es sent cal I3' a Siiaytd' condition of tlie 
shoot* that is, an imperfect differentiation of the vegetative and reproductive 
functions. Their condition wouldj in fact, be consistent with a strobiloid 
origin, modified in further development by enlargement of the appendages^ 
all of which were originally fertile. This matter 
will be referred to again in connection with the 
early appearance of the fertile spike in the 
young seedling plant. 

Sr'ORL'PKOijfciNo M 
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'Die development of the fertile wpike has been 
traced in Opkh^/tinum from its first beginnings.' 

The leaf itself originates very close to the initial 
cell of the deeply depressed apes of the axis. 

The sheathing stipule which envelopes the growing 
point as well as all the later leaves, is formed 
early : the spike appears abcnc it in a median 
fKisition on the adaxial face of the leaf, but near 
to its base (Fig* 245). The outgrowth is at first 
bluntly rounded, but it soon becomes more 
acute and turned upwards : it consists of several 
cells, and of these the upper nu>st, which is 
alread)' the largest (,r in the Figs. 246 a, ie, c, i-:), 
undergoes further segmentation with some degree of regularity : its 
segments go to form the hulk of the free [jortion of the spike. The 

form of the initial cell is that of an irregular four-stded pyramid, but in 
some cases at least its identity is soon lost* and the type of constructitm 
passes over to that with lour initials (Fig. 246 i, o). As a consequence 
of further subdivishms* whichever be the tyjie of tiic initial segmen 
ration* the spike comes to be eoniiiosed of four <] carters, seijaraied 
by walls at right angles, as seen in the transverse section: its lisrm 

is that of an elongated cone, slightly flattened on its adaxial and 
abaxial sides. Sections of it, transverse, radial* and tangential, are sliown 

in Figs. 247 A-n j from these it appears that a special band of cells, the 

sporangiogenic band, runs along the lateral margins of the slightly flattened 

'The accounl krt uiven is cbn^kn^id fmm (he (nil seucmtnc ii., p,* 

whiifL- the laerAUirL- k qLioted. The deielopniL-nt Was he^n iv^irkL-d «i.i fcr ihroL- snecits ■ 
O. 7'ulgaium^ rftffft/afutH, mid p^eminlifau 
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spike, in the position nltiniatdy to be occupied by the series of sporangia t 
it is derived from two regular rows of cells, which form part of the two 
abaxLil (|iiarters of the spike; but the usual regularity of their arrangement 
is liable to interm[itionsH It is from this band that the sporangia arisCj 
coirslitutinf; when niature the continuous, linear series of them seen in the 
drawings of the tnature spike. But they are not always regular, and 
evcepdos’is may he seen where the sporangia are imperfectly partitioned 
or of anomalous outline. This is not surprising in bodies so nearly related 
to one another from the lirst. , 

'I'he two series of superficial cells composing the sporangiogenlc band 
soon divide periclinally, as well as in other diTections, and form a broad 



PiGr 

OAhiseiassum L. = mediiin-radbal si^ction ^liroueh a very yyiins spik* 

All initial cell tr) ^r = siinElaT seCTion of an older spiltO. C^transverit sict wn 
of a Leaf. M Alcns i line in trai^cFS-i the young sp'^c 

L. /J = iaricctninl of kaf (i) t CAversi n e ihe young r«<3imcTit ol a [erlilc 

s-uike. £=aTicilher section from ibe same scri«. including the iurfaco ol ine 

prod*ciinE ipike. (? = transverse section^ from th« Apea of a young spike of Cf. 

snowinj^ a coMAirLicI ion witll Tpur initials. .\]l Fis*^ Jt toa 

and deep tract of tissue from which the sporangia are differentiated Iii 
position and origin they compare with those superficial cells which m 
other Pteridophytes give rise to the essentials of the sporangia. The 
differentiation shows various successive steps leading to the final definition 
of those cells which are to form the spores. It will be readiest 
understood from the structure seen in the large spike of O. pmduiumr 
(Figs. 24S, 249). Here certain cell-groups derived from the inner 

products of the sporangiogenlc band soon begin to show more dense 
protoplasmic contents : these are recognised as sporogenous groups^ and 
are seen in transverse section in Fig. 24S a, in radial section in Fig. 24S p* 
and in tangential section in Fig. 24S c. The result is that the inner 
product of the band is segregated into alternate blocks of sterile and 
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fertile tissue, while the outer tissue begins to constitute the protective 
wall But the whole of tlie cells composing these sporogenous gr<nij)s do 
not become matured into spores j for a peripheral part of each group takes 
the character of tapelumt and becomes disorganised as the development 



* 

hUTr. HJ. 

yJ = |icirt tif :l 

!bni'itLlH3m;j| ilicltti.lttlj:' lltc <1^ Unr 

f«rtik ^tldkc, :iria tNLverNin^; Uk- iinicweuii; 
hfina r>'' = l:LEi^>Enti,ll M.'iitiMii, 

iliOVVJlj^ Uee iL^ t’ = 

C,f ;i irjitM'4;r:^ ; (he 

■lfIIs sIii'l-cIe'iJ flirt.' rue ijf^ii i cl ^lii L]tt 
{{erric IjMditl. ft- ii ‘liiitkl'iti' hccriiiin lui 

■ hiai'T K 
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Li.irivtf(.‘rhtr Mfifliwi of ^|!li^{•l: Lslujwirn; 

b.Linl. /^B|un}'iiiiLLLiit,-vl sttiiuii f.iUiiHina ii„ 

^huwillJ^ it tilrc-iiEly iljflV:rH;i»iil;atd, nil It 

i;ruilliiV. <’=t;i||j;cini.'i,| segtiyn tif ;l i|itt;* ttf litfl 
;i 1 mJ ^huiviitf^ (uvj i«ii ■. ;iruii|:s. x loo. 


I>f the siiores [>rocee(ls. The outline of the definitive sporoaenous g™u|. 

W'hich remains is vltv varial>le U i 


remains is very variable : sonietiines it is relatively regular, as 
in Hg. ’45 II' hut in other CiistJi, ivhieh may even occur in the same 
sections as the regular ones, the dispoaillon of (he cells is less regular. 
These have probably arisen from pans of the sporangiogenit band which 

2 I' 
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were of irregubr construction from the first, as above described- It is 
thus seen 'that in 0 . paiduhtm only a comparatively small residuum of the 
original sporangiogenic band finally remains as fertile tissue. Meanwhile, in 
the broad bands of sterile tissue which have thus been Initiated between 
the sporangia, vascular bundles make their appearance, connected as 
branch-bundles with the general system of the fertile spike (^j. k, Fig. 249 
D, and Fig. 250) : in those cases where the arrangement is regular they 
may occupy a defimte position, corresponding very nearly to the point of 



Fic. 24^. 

{Op/siOiifrHfo) L. /f, iSTatransv^rec EcC(i<?ni of ipikw 

(4 .sh^w sparanj^ia and vascular bundles, ^lighcly enlariged. 
sporangium, oLd^r m Fig. ^4^, s»n in Longitudinal Tadbl^Htion ; the uip«tum lightl>^ 
ihadecT&urround^ the dirlter spoto^ttiou? maJS- ^=iangemlal stetion of corresponding 
iVjf*. showing one spoTOEonOus fnJrtS shaded; (ht siiialler shaded groups will form the 
vuscuiflir stramd-s. if ■ pari of si transverse stClion of an older iporangium of O* rtitev' 
iafiiw. K 100- 


intersectlon of the lines limiting the cell-groups of J;he original sporangio- 
genic band- In certain cases, where the segmentation is regular it appears 
that one sporangium is referable In origin to two of those cell-groups, but 
it cannot be said that It is always so : frequently the arrangement ts 
irregular, and in any case the single sporangium cannot readily be referred 
in origin to a single parent-cell. 

Examination of the young spikes of 0 ^ vulgaium and ntktilainPi 
shows that in all essentials the development Is the same, though naturally 
with differences of detail and proportion in those less bulky species. In 
them it is also impossible to refer each sporangium to a single parent cell. 
Further, it has been shown in them that the archesporium is not hypo- 
dermal in the strict sense, that is, that it is not cut off once for all by 
one periclinal wall or walls, but that successive additions may be made 
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to it, as in certain other Pieridophytes, by successive peridinal divisions. 
The structure of the sporangium as it approaches the stage of separa- 
tion of the spore- mother-cel Is and of the tetrad-division is shown in 
Figs. 249 and 250: in the latter the relation of the vascular strands to 
the sporangium is already clearly indicated, especially of those which pass 
outwards in the thickness of the septum. The tapeium appears to be 
variable; in O. vul^atum it consists of several ill-defined layers of cells. 
This is seen in Fig. 251 a, it, which illustrates the steps leading to tetrad- 
division in that species: the cells of the tapeium first lose their identity, 
their protoplasts fusing into a continuous plasmodium surrounding the 


sporogenous cells, wbue the nuclei 
persist, and apparently increase in 
number by fragmentation. The 
plasmodium penetrates between 
the sporogenous cells, the whole 
mass being first broken up into 
irregular blocks (Fig. 251 a), and 
later into individual cells (Fig. 
251 is). Normally alt these spore- 
mother-cells undergo tetrad- dtvi- 
sioTi, and form spores,^ When 
ripe each sporangium bursts by 
a hori^fontal slit, already defined 
structurally in the tissue of the 
wall - it gapes as the tissues dry 
up. but there is no mechanical 
annulus. 

The origin of the leaf in 
Botry^hium^ as well as that of 
the fertile spike vvhich it hears, 
has been described by Bruchmann 
for B, Lunarla^^ He found that 
]X)sition relative to the sterile 
nearer to its apex ; indeed, at 
recognised by their respective initi 



the fertile spike originates in the same 
leaf as in Ophi^glossam^ but much 
the period when they may first be 
l! cells, these arc in clo.se prONimit) to 


' 1 lit ^lau^meiu of ihai ji large tiuitiligr sp<)re-iu!Jtht:f-ct.-lls are 

urgan^ed, and contribute wiih xhv lo the nutritive p1a>iiiLMliuiii, was adorned 

by me in .V/j/d/Kj, ii,, |>, ao, aji i\ ajipuareEl uj accorti w'wh my ^wn riitlicr lEiullcd 
csbscrvalmns. A ru-cK^^iui nation ef the <|ue!itiQn, for which a numlter of slktea of 

O. t'uigaOim were lenl hy Professor Fanntr, bas shown that ihii^ is an error - as had 
boL-n already noted for O. r^Hetthfum tiy Ihirlingbanie {//«?/. O'nj,, Jnly^ 

OcctLsioria] cells may bo (Fig. 25 r n), as aiay happen ia any larj-e s|N>r.-ingia j 

IhiI normally ihcrc appears to l>e no systenjatic disof[|iinjsittimi, such as is seen in 
Eifuis^lum tir the [^silolaccae. 


* I gisG, |i. 2 1 3, 
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one anothcir, that of the spike probably originating from one of the latest 
adaxial segments of the leaf'initial fBruchmanrij Fig, 55). Though thU 
close proximity of origin of the fertile body to the apex of the sporophyll 
differs from what has been seen in vtiigatnm^ still it has its 

parallel in the case of Tmeiiptirh^ as already described : the details of 
segmentation are not the same, but the relation to the whole leaf is 
similar. Both parts in B. Lunarla retain their active initial cells till 
about the time of origin of the lateral pinnae : and it is specially to be 



KeC. 3^1. 

Opkhfiomiiii L. PorEions of s^wsrangla ibt iporogtiJOu* tisiue iii 

iwvsLagfa of disinlc^aiLon. Ln chc evidently derived from jt^ore thjn a 

sinek layer of cells, hiifoirmed a plasmotlitun wEih many ituclei, which is beginning 
penclrate tlit iporogetiouS llisuej in which nci ijocaitonal cell IS Jtfn dis^amscrir 
S shows a mofe advanced sCiXEt^ where the spoTn>g:en*gs cell? {j/J aptrtat- in small CkSiera, 
or isolated, emlrtiddttl in the tapeial plasmodium l t<i = iporangLn] w jl]. X locu 

noted that the origin of these in B&tryikium is by a process quite distinct 
from that of the fertile spike : the latter appears in a median position with 
a definite apical cell from the first; the pinnae arise in acropetal 
succession by marginal growth^ 

The disposition of the sporangia on the fertile spike of BQiryBmm is 
essentially similar to that in Ophioghnnm^ but they differ in being further 
apart, and not laterally coalescent, except in individual cases. The 
similarity is most readily recognised in the simplest examples (Figs. 252 a* 
B, c), in which the number of sporangia may be very small: these are 
disposed in lateral rows, obliquely facing the sterile frond: their position 

^ L.t.^ p. 



SPORE-PRODUCING MP:MBERS 


453 


is shown by comparison of Fig, 352 a and ix The similarity of ttiese 
simple fertile spikes to those of the smaller species of such 

as O. is plain enough : if we imagine the sporangia in this 

plant to be somewhat more prominent, less bulky, and their position 
slightly altered, so as obliquely to face the sterile frond, the result would 
be such a type as is seen in the simplest forms of Botryikumt, Fro^p 
these simple forms to the more complex, even to those in which the 
spike attains its largest development. Is a progression which may be 
traced by very gradual steps: the first of these steps is illustrated by 
the Figs. 252 A, K, c : in the first figure (a) tivo lateral rows of simple 
sporangia are seen: in (b) the place of 
one sporangium is taken by two coherent 
together, while in the third (c) there are 
at the base of the spike, w^hich b sirnple 
above, two “branches,” the one with two 
sporangia and the lower one with three. 

These specimens will illustrate the gradual 
steps towards branching of the spike which 
are to be found In the simplest types of 
Botrychifinu Sections also bring out some 
interesting points; Fig. 252 k represents 
in outline under a low power a transverse 
section of a spike of Bafrychium Lunaria 
traven-^ing two of Its lower branches long!- 
tudinally, and following the series of their 
sporangia; this shows the acropetal succes- 
sion of development of the sporangia, while 
it will be noted that the two lowest on the 
right are coherent to form a synianglum — a 
matter of common occurrence, and corre- 
spondinig to what is seen in Fig. 252 h. 

Such simple observations as the above, which might readily be extended 
into further detail, will suffice to show^ that it is possible to illustrate, 
from simple though otherwise normal specimens, how a transition may 
have taken place from the condition of the spike simitar to that of a 
small through the simpler types of B&iryihium to the more 

complex branched spikes, 

Ilut it is in the large /f, dtuta/Qiium that a belter opportunity lias 
been found of observing intermediate steps between the single normal 
sporangium and a twin |>air of them : the series Pigs, 253 a-v, illustrate this : 
Figs, .A, c show sections of young sporangia of normal type, with sfmrply 
curved contour: others are of broader form, and show a considerable 
mass of tissue on either side of the sporogenous group fFigs. d, kl) ; 
in these there may be seen cells laterally adjoining the lEitter, and 
obviously of similar origin and position (a in Fig, o), which, though 



liiUsyr/itftirf K ftNn J .. -C = ( h rt:,? 

very ho Ifr.'inc h Snfi, 

fiiii only [wrt spoi.mj; I a, cf urraiifie- 

mert like tlao^ of Oyhiej^I^ssitm, Ijui 
i K ting fuf t her. ft ;iLid C show sinLpak CAse;. 
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corresponding in every other respect^ do not assume the dense 
Ijrotopla.sm of sporogenous cells. Fhese more bulky sporangia lead 
on to such as that shown in Fig. 253 e, in which it is possible 
that the whole sporogenous group is referable to a single parent ceth 
though the proportions of the whole group are quite different from those 
of the typical sporangia ; the sporogenous cells appear^ however, to form 
two groups, and probably originated from two similar cells side by side. 
1’he interest of this lies in the fact that these broad sporangia approach 



Fig, 153. 

Boirychmm fiastei/aliutni W^a]]. A aiKl C■^ sycCcSsiv* sii^gesL ^^f the moBl 
yf sporang LUTii. ^ = small sporangium of iMnow fern- S sporan^iuia, [he 

iiiarlftid fj') carrcSg)i3^di ta the sporogenouK croup, but shou^ nO of devebpiinc 
IiirtlKr iS such. £=a vtill biO'.'ider spuiangiurn with wide spono^ent™* (;ift>-upH refcrHlhl* 
i* two pST<nt ccUh, po»[i]y ullimaK-ly lo one. /■’, Cr±±ftynaiigia cut tr^fl&viritly atitl 
vertLcallyr xiM. 

in their form and bulk to the synangia which, as above noted for 
Botrydiimn Luuari^-^ are not un frequently found ^ one of these, cut 
through transversely, is shown in Fig* 253 r; here there is a zone of three 
layers of sterile tissue forming a septum between the two sporogenous 
groupSn The septum is, however, commonly broader than this : if ^ 
comparison be made between this and the young synangia of Tfnesipt^rit 
the similarity will be readily seen^ Such examples as these, which can 
easily be found In sections of the fertile spike, illustrate the gradual 
transitional forms which may be traced between the simpler and more 
complex spikes of the genus. Whether these steps will bear an evolu- 
tionary interpretation, as illustrating the manner of advance from a 
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simpler, or reduction from a more complex type, may be a question 
for discussion ; but it is clear that the gradually iransational forms dcj 
exist. 

As regards the first appearance of the sporangium, the essential parts 
of it, though not the whole bod)S are normally referable to a single 
parent-cellj and the first periclinal division delimits the sporogenous 

tissue (see Figs. 43, 44, p. 8S). It api>ears itiat here all the sporogenous 
cells undergo the tetrad division, and the nourishing tapetum, which is 
entirely derived from the surrounding tissue, makes 
its way inwards between the fertile cells,' As 
regards vascular supply, a strand extends to within 
two cells of the base of the cavity, and there 
terminates. Finally^ the dehiscence is as in 

It thus appears that the whole 
sporangium of Boiry^hium is of the OpMoglmmm 
type, hut it is more definite and specialised in its 
characters, and this goes naturally along with its 
smaller size^ which is most marked in B. viygiHmnmfL 

It has already been noted that the position 
of the fertile spike in Ihiminthosiachys is similar 
to that of Ophioghssitm % it may further be added 
that the origin of it is similar, and its structure 
in early stages not unlike. It appears first as an 
outgrowth on the adaxial side of the sterile frond, 
and it is curved over while young, so that the 
actual a|>ex is pointed downwards : the whole of 
the spike is at first covered and protected by 
the segments of the sterile frond, ivhieh again are 
protected by the stipular sheath. Since then, as 
regards position, and the main facts of origin, 
the whole spike of H^hainthmiachy^ may he 
regarded as homologous with the whole spike of 
OphioghssiifH^ a special interest will attach to the 

origin and development of those bodies which directly bear the sporangia 
In this genus, viz. the s|jorangiophores. 

Transverse sections of the fertile S|>ike show^ at the lateral regiojis 
corresponding to the sporatigiogetiic hands in Ophtogiaistim^ a fan like 
tracery of the cell-walls, w'hile the surface is covered by a rather regular 
series of deep cells: it is from these that the sporaiigiopliores originate, 
as outgrowths of very irregular size and arrangemeiU (Fig. J54 tirowing 
first deeper, these cells divide by periclinal and anticlinal walls : the 
growth, however, is not timform, but is localised at points so that 
rounded [irocesses, often of very unequal si/,e, make their ajipearance 

Mluluman, Can., xviS.^ |j. 214 j t'ardiff, 

v,+ p. 1^7. 
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(Fig. 255 a), Theie seems to be no fijced type of segmentation of the cells 
\vhich leads to the formatioi’i of these sporangiophorest atid though, as 
they increase in their apex may sometimes be occupied by a 

wedge-shaped cell, more frequently no such cell can be found (Fig. 255 it). 
The subjacent tissue may sometimes increase to a sliglit degree below 
a young sporangiophore, but it is obvious from the drawings, both of 
transverse and of longitudinal sections, that the sporangiopbores are 
derived essentially from the superficial ceilSn Now this Is also the case 
with the sporangia fif in which the sporangiogenic band is 



G 

FlU. 


l-Eoak. A = early phases of sp^irnigiophorts- Noic iht 
v.'rriftbi LiEy of size, iti rhe Eangeni iol F. B iind C —older 

/?, £ and fTihoiv stages ef dtvi;l&pni*nl or th« ifKiran^ium, llie- sporofieiwni 

shaded, x 

in the first instance composed of superficial cells; thus there appears to 
be correspondence as regards the place of origin of the spore-producing 
members of the two genera. 

Fig. 255 H illustrates the most regular type of these very variable organs; 
already in the central part longitudinal divisions are taking place which 
indicate the position of the central vascular bundle. The great differences 
in size which they show when young are suggested by the tangential section 
shown as Fig, 255 F. As they develop further the sporangiophores may 
become irregularly lobed or branched. Thus, though disposed with some 
regularity along the margins of the fertile spike, they are themselves very 
variable in size, form, and mutual arrangement. 

It has already been noted also that the position and number of the 
sporangia which they bear is inconstant In early stages it is impossible 
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lo dRlinguish the celR which will give rise to Ihe sporangia (Fig. 255 j3>, 
but from rather older stages it appears that the sporogenous groups 
together with the superficial cells which cover itj is referable in origin to the 
segmentation of a single superficial cell (Figs, 355 c, ih K}. Moreovern 
the first peridinal division of that cell defines the whole of the 
sporogenous tissue from the protective wall. As the sp^irangia grow oUicr 
they project from the surface of the sporangiophore ; the sporogenous 
mass ii^creases rapidly in bulk, while the cells surrounding the sporo- 
genous mass, to the extent of several layers, assume the character of a 
tapetum (hig^ 255 o), which gradually becomes disorganised; finally the 
sporogenous cells separate* and divide into tetrads.^ As the sporangia 
approach maturity* the upper part of the sporangiophore may grow iiut 
into an irregular rosette of laciniae of vegetative tissue, These are seen 
in Fig, 244 o. 

Comparing the development of the sporangia in the three genera, it 
appears that with the larger sixe goes less definite segmentation* while greater 
defniitcness is seen in the smaller types. It has been shown that the 
esNential parts of the sporangium of Ophioghmum cannot be referred in 
origin to a single cell* while those of B^hychium and IBimifiihmiachvi 
can in n<jrmal cases ► Also* that the large sporogenous mass of Ophh- 
gh^^smn throws off its .superficial tissues as tapetum* which is of variable 
bulk:- in the other two genera the tapetum originates from the adjoining 
tissue, entirely outside the sporogenous mass. Further, when the definitive 
.sporogenous tissue is clearly marked off, there is reason to believe that 
all the cells normally underg<^ the tetrad-divi.sion in all the three genera, 
rhe Ophioglossaccae may in fact be arranged in sequence, from those ^vitfi 
large and indefinite sporangia to those with smaller and more definite, 
fhhnhdhostiithy$ taking the middle position. 

The same sequence emerges also from the comparative study of thdr 
fertile spikes, I he least elaborated type is that of OphwgiossNm^ with its 
two Series of sunken sporangia. Its spikes are liable in many specie.s to 
occasional bifureaiion, or even complete fission, and in O, pet^dnliWi and 
palmaiifm this may become habitual : but these are only cases of repetition 
of the same unelaboraled part. In Bchnmfh&iktchys the external form as 
well as the development show that the sunken sporangia (jf Ophwglimtnn 
are replaced by sporangiophores, with separate and smaller sporangia, 
whicli at the same lime are more numertjus. In Bohydmm the elabora- 
tion of the s|>ike take.s a different line: the occurrence of sjiiangia has 
been shown to \k closely related to the branching of the spike, which 
extends to a high degree* while the numerous separate and relatively 
small sporangia continue to hold the ,^ame relative position as in 

Op/iiffgii}SSf//H, 

ll is possiljle, as in the case of almost all organic sc(Hkiicos, ti. 
regard this series as either an upward one of progressive elaboration 

^ Itftr, Amuik ttf jiji. 
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downward one of rednction. Before discussing these two alternatives* it 
wlW be necessary to look into the anatomy of these plants, since arguments 
on that ground have been held to be very material to a decision. 


Anatomv. 

The roots of the Opliloglossaceae show a wide range of internal 
structure.^ In Hdmhifhostachys they are tetrarch to heptarch, and most 
commonly hexarch, with central pith, alternating phloem, a large-celled 
pericycle, and endodermis. In Batrychinm the number of protoxylems 



Schlmlti. Trai^sverse MCiiimii of t htf MCle .1 r 06 t , the awt 
shflwEivp E'vo groups pf jsi'lem, tliC oihti only Orte. xsoft, 

varies a good deal, common numbers being two and three, but it has 
been shown in B. Lumria that roots which are diarcb distally may be 
monarch near the base. In OpM&ghssum, also, there is some variety^ for 
in 0. pendnium diarch, triarch* and tetrarch roots have been described, 
while in this species also a monarch structure has been seen at the base 
of a rootlet : O. dedpims has iriarch structure : O. palmaiam is diarch. 
Most of the species of Eu&phUghssuiti have monarch roots, and this is 
conspicuously so in 0- vulgatum. In 0. Bergianum the structure may be 
diarch or monarch, the latter having been observed in roots close to their 
base (Fig. 256 ). With the monarch structure goes bifurcate branchingp 
while monopodial branching is seen where the structure is inore complex, 
as In pendidum, Ijfeimindmiackys^ and Botrychmm, I'hus both dicho- 
tomous and monopodial branching are found in the same genus. Posstbly 
dichotomy is restricted to the monarch roots : this was suggested by Van 
Tieghem, who remarks that* if the monarch root divides, we know- 

beforehand that it wilt dichotomise.^ 

It is the fashion of the time to hold that all monarch roots are 

1 Compare Boodle, Ann. of xlil.* p. m. where the Htentuie is fully quoted. 

^Aftn. Sd. Nitr.t V. Serie, T* xiii., p. io3. 
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reduced from some more complex structure : ^ in die observations relating 
to the Ophioglo(>saceae there is no necessity to adopt this view^ which 
does not readily accord with the Tact tliat the monarcli condition appears 
at the very base of the rootj both in B&irychmm and in OphhghssHm, 
I am disposed to regard the nionarch state as primitive. But whether 
they be primitive or reduced does not materially affect comparison ;; 
the family Is clearly one with great instability of root-structure, and 
there are in a number of cases monarch roots which dichotomise. In 
these respects the Ophioglossales find their nearest correlatives among the 
Lycopodiales. Comparison should also be made with the Siihenophyllales : 
but the Psilotaceae are rootless^ and the knowledge of the root-system of 
SphcHophyilum is still very obscure : apparently they were diarch, with 
secondary thickening,- a condition not far removed from that described 
for the roots of Ophi&ghm^fn^ but still more clearly seen at the base of 
the roots of B{^trychimn ' for here it has been shown by Boodle that 
secondary thickening of the root may occur^ 4’hus in the OphioglosHacoae 
there are unmistakable ixiints for comparison with the Lycopodialc^ and 
Sphenophyllales. On the other hand, the larger polyarch roots in tfie 
family show structure reminiscent of certain Ferns, and espectally of the 
Marattiaceae. 

rhe stock of the Ophioglossaceae originates directly from the embryo, 
or It may be formed indirectly as a result of adventitious budding. The 
young axis has been examined in all three genera, and in the first 
instance the vascular tissue is found to be centroxylic, either witli a 
quite solid core, as in some seedlings of Htlmbfikoskukysp or in others 
it may have a central pith from the first, and this seems to be the case 
in BoirychiumP In Ophieghssum the axis of the embryo, as described 
by Bruch man n In a vnlgaiump is very short, and no facts are at hand 
as to its stclar struciurer Hut Bruchmanu stales that the development of tlie 
embryo coincides in all its later particulars with that of the adventitious 
buds, and these luve been described and figured by Rostow;iew." J1ie 
vascular tissue, on entering one of these buds from the parent root, 
a central cylinder, which dilates aud becomes concentric (Fig. No. 4): 
higher up it takes the form of a funnel, which is filled with parencliymaious 
pith: higher again the cylinder protluces on one side a mesli from the 
lower angle of which the strand of the first leaf arises/^ This description, 
together with the drawings (Fig, 336, Nos. 3, 4), indicates at the start a 
protostelic state, or at least a stele with only small medulla. It thus appears 
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that all the tliree genera shtj^v cither a solid xylem-core or a slightly 
meduhated stele In the young axis. 

Proceeding to the upper part of the shoot the medulla increases, while 
the vascular tissue forms a more or less interrupted cylinder surrounding 
iL ’ the interruptions are the leaf-meshes, for above the exit of each leaf- 
trace there is a gap in the cylinder. In Ophwghssum the meshes are large, 
and as the leaves are arranged in a compact spiral, the whole system assumes 
a form clearly shown in Rostovv^icw’s drawings (Fig+ 236^ Nos- 4, 5). In 
Botrydiiufu a similar arrangement is found ; but as the proportion of the 
leaf-meshes to the whole surface of the cylinder is less, it approximates 

This is still mo^re clearly seeti in 
Helmhithostaikys^ wEere the shoot is 
dorsiventral ; for there the foliar gaps 
are disposed obliquely upon the 
upper side only of the cylinder, while 
the lower side of it is uninterrupted 
(Fig. 257). It would thus appear 
that the vascular system of the axis 
is essentially similar in them all, and 
is referable in origin to the amplifi- 
cation of a primitive stele, with a 
distending pith, and perforation of 
the vascular cylinder by foliar gaps* 
As regards the tissues themselves, 
the most important of them for 
comparison are the xylem and the 
endodermis. The latter shows 
curious irregularity of occurrence in 
this family. In B^irychhun there 
is a well-marked outer endodermis 
throughout the length of the stock: 
there is also an inner endodermis in the pith, but it is found only at 
llie base of the stock (Poirault). In most species of Ophi&gloisum 
there is no endodermis in the stock at all; but in 0 , Bergi^nunh 
€ap€nUi and diiptiam^ all small species, an outer and inner endodermis 
are both present, though at the base of the stalk only: passing upwards 
they fade gradually away, the Inner disappearing first.^ In 
siadtys^ curiously enough, the converse is seen : here there is throughout 
the stock a well-marked outer endodermis, as in B&trychium^ but the inner 
appears only in the older stems, the young plants being quite destitute of 
it.^ It is difficult to draw any definite conclusions from such discordant 
facts : it must suffice for the moment to remark that, on the one hand, 
there is want of constancy of the endodermis also in the Psilotaceae, and 
on the other, that In the Marattiaceae the endodermis is present in 

1 Poirault, p. 169- FarLileT and Hill, Ann, qJ B<ft. svi-, p. 40J. 
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the stem of the young plani^ but fades off in the upper regions, as in 
OpMio^UsSi/m. 

In transverse sections of the stock of B^trythiumy in ^vhicli the leaf- 
gaps are limited in area and not so closely placed as in Ophh^Iossfim^ 
the vascular ring is often seen to be completep or where a leaf-trace issues 
it may be interrupted : the xylem is endarch. Much importance has 
been accorded to the secondary thickening seen in both stem and root 
of Boirvihium, A sluggish cambium ap|>ears between the phloem and 
xylem» and may even be seen to be active close below the apex before 
either of those tissues are differentiated; it adds fresh tracheides to the 
xylem, but little or nothing to the phloem^ while the radially seriated wood 
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is traversed by parenchymatous rays. The secondary activity extends also 
into the basal region e>f the root, but St does not extend far along it. In 
Ophiof^hiutm the transverse section of the stock shows an interrupted 
ring of xyleiivbands, the interruptions representing the closely grouped 
a]\d overlapping leafgaps, as will be readily understood by comparison 
of Idg. 336, Nos. 4, 5. IJut in simple cases, and especially near to the 
base of the stock, the ring may appear more complete {Kig, 258). The 
development is endarch, and there is no jirocess of secondary thickening 
except that a few tracheidcs may occasionally be added peripherally to 
those primarily formed. In the root also there may be a feeble formation 
of secondary wood, especially in the neighbourhood of the insertion of 
an adventitious bud (Jioodle). In Hciminihasiadiys the vascular ring Is 
interrupted only on the oblifiue upper side, by the leaf-gaps. Th^ xylem 
is, however, mesarch* while the secondary thickening is altogether absent 
{Farmer and Freeman), 
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Ihe facts thu 5 stated relating to the vascular structure of the stock in 
the three genera are alt consistent with a theory of origin from a type 
with primarity a solid protostele, and subsequently a medullated monostele: 
tor the strticture of the vascular system in the mature shoots of them all 
is in point of fact a hollow cylinder perforated by the leaf-gaps: in 
hotiy^hium and Helminthostachxs^ where these are less closely grouped 
than in Ophioghssum^ the fundamental structure as a vascular cylinder is 
plainly seen. The opening of the cylinder to give exit to the leaf^trace 
is a characteristic of that typer designated by Jeffrey phyllosiphonSc/' and 
he distinguishes it from the “ cladosiptionic type,” in which the leaf-trace 
passes off from the axial system without any opening. It has already 
been pointed out that these two types are the anatomical expression of 
the relative prevalence in the whole shoot of the axis in the dados iphonic^ 
aiid of the leaf in the phyllosi phonic type. Supposing in any phyletic 
series there should be an increasing dominance of the leaf, it would be 
reasonable to expect evidence in the individual of a transition from the 
one vascular type to the other. In the young plants of the Ophioglossaceae 
themselves there is no indication of any such transition, for the young 
plants are phyllosiphonic from the first. It wilh however, be shown 
later that on comparative grounds there is reason to think the origin 
of the phyllosiphonic state in the Ophioglossaceae was from the dado- 
siphonic, following upon an increase of proportion and importance of the 
leaf. 

The leaf-trace itself is typically a single strand of the collateral type^ 
This is seen in B^trydtmm and Heiminthosiackys^ and in most species of 
Ophiaghssitm. The collateral strand may have its margins curved together 
on the adaxial side, so that in the petiole of large leaves it may approximate 
to a concentric structure, as in B. 'uirgimanutn \ but this is merely a 
modification of the collateral structure. Even in the large-leaved Helmin- 
iho^lachys the leaf-trace comes off as a single strand, though it branches 
very soon, in fact before the cortex is traversed, to form the numerous 
strands of the petiole (Fig. 2570). The condition seen in some species 
of Ophhgiosium is interesting for comparison with this, forming as it does 
an exception to the rest of the family. In the section Buophhglossmii 
the leaf-trace comes off, as in other Ophioglossaceae, as a single strand, 
which soon branches into three; and this fact is embodied in Prantls 
diagnosis as amended by myself' But in the section Ophiod^mta the 
numerous strands of the petiole are not united into a single strand at 
the base : they are inserted as separate strands upon the vascular system 
of the stock. It is still uncertain whether or not %Ch4ir<>ghssa shares this * 
character. A comparison with other forms of Ophwghsstnn shows this con- 
dition to be exceptional, and it is probably a derivative state, the separation 
of the Strands shown in other species only in the upper leaf having been 
continued in ^Ophiederma down to their actual base of insertion on the 

^ Anij. ip xviii., p 215. 
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system of the ax3S ; coitipatisoii with the Ferns shows that in them the 
concri^^te leaf-trace is characteristic of the primitive types^ and that it^ 
separation into many distinct strands is a feature of those which art hUer 
and derivative. 'I'his analogy strongly supports 
the view that the state of the leaf-trace in 
^ Ophideyma is not primitive, 

l^assing up the petiole the vascular strands 
undergo branchings, which vary iit extent 
according to the dimensions of the fully formed 
leaf The strands arrange themselves in an 
approximate circle in the transverse section^ 
while those on the adaxial side pass out into 
the fertile spike. The details are various : the 
simplest is ii’i the small C?. Bergiamitn^ where 
the single leaf-trace strand may long remain 
undivided, si^hig off two lateral ,strands which 
fuse on the adaxial side to form the supply 
for the spike : further up the strands of both 
sterile lamina and of fertile spike may branch 
again. In the larger specie,s of Ophio^lmsnm 
the plan is the same, hut with the difference 
that the branching is more profuse^ and takes 
place before the lateral supply is given off 
right and left for the fertile spike 5 in the 
larger species the latter consists not of a single 
strand but of several. 'I’he same is the case 
for Q. penduiuiii^ and even for O. paimatinn 
in the case of the lowest spike, though in the 
upper spikes the supply is less regular in 
accordance with the indefinite positions which 
they hold (Fig. 259, 14- 17)* In Ophiogimutm 
there is a strong median strand in the leaf, 
which frequently holds its own throughout 
the complicated reticulations of the ex|>anded 

blade. In however, the broad strap-shaped leaf trace forks 

early j and from the adaxial margins of eadi limb branch-strands are 
given off, which form tlie supply of the fertile spike : subsequently 
both systems may branch further, .showing dichotomous characters, and an 
ultimate " ” venation. In IMmuiihostiMhyi the first branching!; 

of the leaf-strand art described as dichotomous ; the resulting strands 
arrange themselves in a ring, and traverse the i>etiole with occasional 
anastomoses. Where the leaf branches complex anastomoses occur, 
resulting in a fairly regular vascular supply [>assing into each branch. 
The spike receives four or five strands, arranged in a circle, in its 
transverse section. Further branchings occur in both sterile and fertile 
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region!!, ihosc in the former being uUimaiely forked, giving a Nettropieris'' 
venation, as in BfPirv^hwin. All these arrangements are clearly variants 
vijjon one plan, of which the essential point is that the vascular supply 
of the spike is of marginal origin, right and left from that of the whole 
leaf. It was upon this that Roeper based the anatomical supptjrt for 
his theory of the spike as a result of fusion of lateral pinnae. The facts 
would accord, it is true* with Roeper’s theory ; but it is to be borne in irimd 
that a marginal origin of vascular strands from the main system is much 
more usual in leaves than any antero posterior branching. On the other 
hand^ the origin of the vascular supply of the spike from both sides of 
the foliar system gives no support to the theory that it is essentially a 
lateral pinna which has taken a median position. 

Lastl), the relation of the vascular system to the sporangia deserves 
notice. In lateral branches from the anastomosing strands 

of the spike pass between the sporangia, traversing the septum and e?<panding 
toward the periphery into a tuft of tracheidcs, an. arrangement which is 
doubtless efficient in the case of deeply sunk sporangia (compare Fig. 250^ 
Hut in Bitfrythium and Helminthostachys the ultimate strands terminate 
immediately below the base of each sporangium* I'he condition seen in 
Ophh^l&suim does not appear to accord well with a theory of sporaiigial 
fusion : it points rather to an upward process of progressive septatiem. 

Summarising the results of this anatomical examination of the shoot 
in the Ophioglossales, the facts are consistent with the origin of the axial 
system from a prolostelic stale, with amplification of the stele, followed by 
formation of a leaf-gap at the exit of each leaf-trace : the latter is typically 
a single strand i as it passes upwards it branches, with prevalent bifurcation in 
Bofrychium and ffelmi/ifhosiachys^ but not in Opkiogi&ssum: these facts are 
consistent w’ith an origin of the leaf from a simpler source by eniargeineni 
and branching. The vascular supply to the fertile spike originates from 
the lateral margins of the foliar system, and with this the simpler states 
of Or piilmaii^n coincide^ though not the more complex^ The bearing of 
these facts, as indicating the probable origin and relationships of the 
Ophioglossales, ivill be discussed later. 


EmbhyOi.oov, 

Until recently the piotbalhis and the development of the embryo iu 
the Ophioglossales w-ere very imperfectly known, though observations 
upon them date back to the writings of Hofmeister and of Mettenius. 
Hut during the last ten years the prothalli and embryos have been dis- 
covered in a number of cases where they were previously unknown, so 
that it is now possible to give some approach to a comparative account 
of the embryology of the family.^ 

^ The Mcouni here given is baie<! upon the works of Hufmeisier, Might r 
1862; Mettenius, /'iiitjrs Horii LiptUmh^ Canipbell, M^tm And Ferns, 1S95 anti 
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I’he prothallus throughout the Ophioglossaceite is subterriinein, and 
without chlorophyll excepting some traces observed by Campbell in the 
early germination of B^iryehlum^ while JifetteniuSj and later Campbell, Jwive 
noted in O. pedamuh^tim that some brunches of the thallus extended 
above ground, and became flattened and green. But with such exceptions 
as these the gameiophyie is massive and colourless, and is buried under- 
groundn Its nutrition is , holosapropliytic, with an endophytic mycorhka, 
w'hich is located especially in the lower region. Tn B^frychiHin its form is 
that of a flattened cake, whh the slowly growing apex in a lateral position : 
but in and Hdinintht^sla^hys tliere is a definite apical growih 

associated with the formation of one or more upward or lateral conical 
processeSj and it is upon these that the sexual organs are borne. In 
lii^rychinm they appear upon the surface of the cakcj where the iriycorhi?Ji 
is absent. The antheridia are deeply sunk in the tissue of the gameto- 
phyte : the arcliegonia, which have the early segmentation as in herns, 
are deeply sunk in Ophio]^lo$^um^ but in Bf}tndtium and I-IeimhithadiHhy^ 
the neck of the archegonium is elongated and projecting. The orientation 
of the archegonia does not appear to be constant^ but in OpkHi}^lifS.^uf(i 
and Uclmuffkinhuhys its axis appears to be horizontal, while in Bolryddum 
it is oblique or vertical. The spermatozoids are spirally coiled, and bear 
numerous cilia. 

J'he development of the embryo of the Ophioglossaceae follows slowly 
on fertilisation, and shows peculiarities w^hich may be held as concomitant 
on the subterranean habit, wliik the mycorhizic state may affect not only 
the prothallus, hut in some cases the young sporophyte also. J’he most 
marked peculiarity is the delay in the actual growth of tlie apical bud, 
w'hile there is a very jaecocious development of the root-system. .Also, 
it will be seen that there is considerable variety in detail in the different 
representatives of the family, and even within the generic limits. 'Phis 
wnU make it de.siraVile to describe them se|jaralely. 

In most sjreclcs of Opki\?^/ossu)N fertilisation sceiws tt> be of rare 
occurrence, and few eiwbryos have therefore been available for study. I'he 
first division of the zjgote is transverse to the axis of the archegonium ; 
though Campbell specially points out that it is not regularly so in O, 
pe/tdu/iitfd : this first segmentation separates the epibasal from the hypo- 
basal region' but it has been difficult to follow the details of further 
segmentation owing to the scanty material, and reference of the parts to 
any definite rduilon to the initial cleavages is made specially tmeertain 
by the fad that the embryo attains considerable si/.e before any differen- 
tiation occurs (Idg. 260). Uruchmann states, however, for O. that 

the hypobasal half gives rise to the first root and the foot; the latter is 

1905: Jutfrey, Gamdaphyte af Hotryddttm^ litgK ; I.jiiiig, Amt, ^vl, 
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never large, but appears oiily as a slight swelling w'hich remains in close 
relation with the prothallns. The root rushes forward in ils development, and 
forming its apical cell early (perhaps it is rightly recognised in ceil '*w” 
in Fig, 2(iO}t it attains a considerable length ; it bursts freely through the 
prothiillus before there is yet any definite trace of the apex of the axis 
or of the cotyledon (Fig. a6o Up to this time the embryo is stored 

with nutritive substances, but it contains no endophytic fungus. It appears 
tKat the development up to this stage occupies several vegetative seasons. 
The differentiation of the shoot which is thus long delayed accompanies 
the origin of the second root, which m formed endogenously close to the 
proximal end of the vascular strand of the first. Immediately above this, 
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and Opposite the neck of the archegonium, the cotyledon and the apex 
of the axis appear simultaneously, the cotyledon being on the side of the 
axis next to the first root ; surrounding both axis and cotyledon is the 
first sheath (Fig. 260 Ms, Tlie cotyledon remains quite rudimentary: 

It is followed by a second leaf, which may develop as a small sterile leaf 
expanded above ground, up to which time the embryo has been growing 
some eight to ten years. The third leaf, expanded in the following year, 
may, under favourable circumstances, bear a fertile spike. '1 he further 
development then follows as in the mature plant. 

Campbell, having examined several tropical species, recognises three 
types of embryogeny in the genus, that of O. Jibove described: 

that of 0 . described by Mettenius and by himself; and that 

of 0 . pendulum^ on which he has added largely to the observations 0 
Lang, and finds that the embryo is variable within the species. According 
to his statement) the first type is characterised (as we have seen) by an 
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early formation of the root, and late development of the and leaf : 
in the second, leaf and root only are developed, in the third roots only ; 
the definitive sporophyie in both O. and is 

formed as an adventitious bud upon the root of the embryo sporophyte.’^ 

It would thus appear that the genus show^s almost er[L)u] 

^'ariety in its embryogeny to that seen in Lyct^poiiiuifu It has been seen 
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in that genus how the different forins are referable to variation of a single 
type, and it seems probable that the same should be the case also for 
the embryos of Ophhfci&s swift. In Lywpodimn the variants arise througli 
tuljerous swellings and delay of root formation i here the variants arise in 
relation to the precocity of the root, a feEituro reUted in all probability 
to mycorbkic nutrition. We have seen that the development of the axis 
h delayed in O. which may be held to be a less specialised 

iy[>e, though still with precocious root : in O. m&iuxfauwm., also, the root 
emerges early from the p rot hall us and projects downivards, but the 
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cotyledon, which is itself green and eitpanded^ emerges upwards, while 
the axis is still further delayed than in O. vul^ium \ it may be suggested 
that the latter has been slipped out from the proihaltus owing to the 
early elongation of the base of the cotyledon, and so its original genetic 
connection is not easily followed, and its appearance comes to be like 
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that of an adventitious bud. Or possibly in this^ as apparently in the type 
of O. pendulum, the primary axis may be arrested completely (a step m 
advance on the vul^tu and the adventitious shoou described as 
originating on the root be actually such: in fact, early representatives of 
those so often found on the roots of the genus. But from the facts^ as 
presented by Campbell, which are far from giving the complete develop 
mental story, there does not appear to be sufficient reason to regard the 
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peculiarities he describes as other than, extreme modifications alon^ the 
lines already indicated by the less specialised embryos of the family.' 

The first detailed description of the embryo in any of the s;>ecjes of 
Boiryihium was given by Jeffrey for B* vir^^hfiarntm^ and it lias beeri 
verified in many points by Campbell. The ver)^ large prothailus bear^i 
its archegonia on the upper surface * after fertilisation the zygote enlarges^ 
and divides first vertically to the axis of the archegoniutn^ and in tlie 


hypobasal and epibasal hemi- 
spheres the usual octant 
divisions appear ^ but these 
segmentations are obscured 
by the less regular divisions 
which follow. The embryo 
thus appears as an ellipsoid 
body» in which no apical 
cells are at first defined* 
Jeffrey states that the whole 
hypobasal hemisphere goes 
to form the foot, while the 
stem-apex and the root 
originate front the epi basal 
half : and his drawings cer- 
tainly seem to hear this out 
(Fig. 261). The apical cell 
of the stem (a) is defined 
before the cotyledon appears l 
this is formed on the side 
of the axis next to the root 
and Jeffrey records that 
it is derived from the shoot- 
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meristem. It grows rapidly, and finally liecomes expanded above ground 
as the first assimilating leaf The root is, however, the first part of the 
embryo to emerge^ and a second and third root may make their appearance 
before the cotyledon unfolds: subsequently successive spirally arranged 
leaves are formed on the axis, but the earliest fertile spike observed in 
this species was borne on the ninth leaf. 
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intcrprtitiu^jn <tf (he data of CamplH:;]i differs widely fmm liis 
hoptj^'iiljie here lo enter iiUo ar>- full dijicui^sion of the ijiiesiiHur. It sliould t^e suited, 
howeier, lliat Cimphull’s ohtt view that the ly|M; of eiiihryo of O. is 

prohahly ihc mo^t priinilEve, imcl shows an eniliryo in which asiii ex I its a( tiri^i ; lu- 
regards the deliiiiiivc sp^tiphyin as a wconditry strucUire dcvelo|ied as a hud 
priiu aiy roiJi. [n (h pt ttdutum, a ho, tire kafy siKircjjjhj te is sccoiKbry, neiilicr Jiivin apes 
(wr leaf betoK priakcid froiu the tnbryu. usdf {/.r., p. |n h<zt, Car.iphdl 

os l]>y (ivisl priiiiiiivc forms ihoxe widcli are niosl divergent from the type of embryo 
whicli i^ usaal in olber PierSduphytes. It would seem lUoru however, in 1.0 

ajjccialised a case ruj this, to slart from ihe kte^i divergent, such as O. 


470 


OPHIOGLOSSALKS 


'Die account given b)' Bruchmann for B. Lf/mria corresponds in 
all essentials to the above, though it differs in certain details. The octants 
appear as usuah and are followed by less regular divisions which disguise 
them in the resulting ellipsoid body^ The limits between the epibasal 
and hypobasal parts are lost, and owing to the late origin of the several 
parts of the embryo, Bruchmann found it impossible to refer them 
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Strictly to one or the other source (Fig. 26s} The root, which is 
organised early, grows first in a horiitontal direction, and bursts laterally 
out from the prothahus, but the remainder of the embryo rests within the 
prothallus, where a distended foot is formed. On this ovoid cellular 
body, and opposite to the neck of the archegonium, there anses the apical 
cell of the axis : it is immediately overarched by a small growth 
(apparently on the same side of the axis as the root), which Bruchmann 
takes for a rudimentary cotyledon. Up to this time the embryo has a 
predominant root— more so than in B, while the foot serves 
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boih For storage and a^ a haustoriutn (Fij^. 3^>3 a)^ Even ai ilns oaily 
stage live embryo may contain an endopliytic fongus. 'The Formation of 
a succession of roots may then followj while tlie giowih cjF vhn bml 
remains almost quiescent, though it forms a succession tjf small leave*' 
(Fig. 363 11): of these about the eighth appears above groun<], tlie rest 
serving onl)' for [protection to tlie bud. It is interesting, however, to note 
that a . rudimentary fertile 
spike ma)’' be fotirttl even 
on some of these rudimentary 
scale-ltavcs. From this point 
Onwards the developmeiPt is 
as in the mature plant. Com- 
paring this development with 
ttpiil in fJ. Line 

relative positicjn f>r the several 
parts is essentially the same : 
the chief differences are in 
their proportion. The root 
and fool are larger, and the 
axL‘) later in dermition : also 
there is the fact tlial the first 
few leaves are scale -leaves, 
whereas in //. 7f/rj^''ii/i{i/ifi//f 
the first leaf is itself ex- 
pa tidetl above ground. 'Ttpe 
same difficulty hoUJs here as 
he fore in defining whether the 
root is liypobasal or epi basal 
in origin. h is from such 
differences as these existing 
witlnn a narro^v circle of 
affinity that a true estimate 
of ilie value of embryonic 
cliaracters may be derived. 

Jiul tliese (liffi-rcrices are of small acc<nml compareil with the divergence 
from the general ty[>e of the genus shown by another sjiecies, //. 

Muhl. iL L, l.yon has described liow its zygote doeii not develofi directly 
Into the embryo as in other specieSj hut rir.st gives rise to a siis[>ensoiv 
which burrows into tlte tissue of the gametophyte in the manner ciiaraeleristic 
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of certain Lycopods. 'J’he embryo itself is formed at the ti[j- of this 
suspensor, ami its (xirts are dlfferuniijiled relatively early (I-ig, 2 (k\). 'I’he 
parts tliemselves are esseni tally similar to those of other species oF tile 
genus : the first leaf (cotyledon) appears on the side of the axis directe<l 
upwards, and it breaks tlirough the upper surface of the proihallus: the 
root originaie.s on the side directed dowiiwurds, and it emerges on its 
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under side. Hitherto only a i:)rel ini inary account of this strange anomaly 
within the genus hag been published] and it will be necessary 

to await the detailed description which will 
supply the materials for an e?iact comparison. 
But meanwhile Mr. Lyon has most generously 
lent slides showing not only some advanced 
stages, but also the earliest stages of enibryo- 
geny, from which the following facts and 
drawings have been derived.^ Transverse 
sections of an embryo corresponding to that in 
Fig. 264, showed the suspensor cotyledon 
(t), and apex of the axis in the relative 
positions ascribed to them by Lyon^ and 
demonstrated the correctness of his interpre- 
tation of the longitudinal section {Fig. 265). 
but what is more important is that sections traversing archegonia, shortly 
after fertilisation, showed that the zygote, while still undivided, grows 
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l?fftryfAf'Nui p&Ijfutifte. First stages in the- crriLtryoptny t befone Uit first iqgmtntAtioii 
I he ([rtni's into an cLo-rij!a!cd tube (the susE>ensa-t), whith burrows its. waj' 

irregularly into ebe ilsallc aftbe protballus. tVom sections Eenr by II. Lyon- 

into an elongated tube, which takes an irregular course downwards itito 
the tissue of the prothaUus (Fig. 266); its nucleus settles down to the 

^Mr Lyow’s action in ibis matter deserves special fccognihoti- When circuinsdnces 
delayed the compkiion of bis own statennent, knowing tbc itnportance which the main iacis 
bore in eirbryologieal comparison, he forwarded a set of slides lo me in Glasgow, wUh 
permission to use llte facts they showed in wbaiever way I found necessary. O, B, 
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base, and maintaiiis that position as the growth proceeds, I'liis is 
susceptible of no other interpretation thart that a suspensor is formed, anti 
that the wholie embr^ogeny is inverted, as compared with Chat of other 
Ophioglossaceae where a suspensor is absent. 'J'he importance of this 
lies in its bearing on the general comparison of embryos^ and on the 
estimate of the weight to be attached to some of those differences which 
have hitherto been made to Lear a burden of comparative and [shylogenetic 
argumonti If we see that within a narrow circle of affinity the suspejisor 
may be present or absent, and the apes of the embryonic axis be 
directed either towards the archegonial neck or away from it, thci^ 
such characters become suspect. This will find 
its special application in the comparative study of 
the Lycojiodiales and of the Ophioglossales. 

In the third genus, HelmhiihosiachySy the 
youngest stages liave not yet been seen \ but the 
(jtd embr^^o resenrbles that of Botry^hhim 
maiium} It has a large foot derived from the 
hypobasal region^ while tha primary root, first leaf, 
and stem-apex appear to be referable to the 
epibasal half. The first leaf has a ternate lamina, 
and reaches the light, but the young plant remains 
attached to the prothallus till several leaves have 
been formed : one root lies below each of the 
earliest leaves, but in the older plant this regularity 
is lost (l’’ig. 367). An endophytic fungus is present 
in the first few roots, though the adult plant is 
normally free from mycorhi^a, 

'Ihe character of the prolhaltus» and perhajjs 
alstj the position of the archegonium upon it, have 
to be taken into accouiri when making comparison 
of the embryology of the Opbioglossaceau. All their prothalli are 
typically underground and sapro[jhytic, and the embryos show differing 
degrees of adjustment to the peculiar conditions thus imposed upon them. 
In these facts tlic dominating features of the embryogeny may be found, 
and they must be borne in mind imt only in any comparison with other 
Ihcridopbytes, but also as regards the miiiior differences which they then^- 
seUes show. I’he most obvious points relate to the development of the 
earlier leaves 1 in B^Uyt/iium vhj^inmNum, Qphh^hmum pedun^nhsHm aird 
Mohiitamim, and in NehmHihti^tmhys the cotyledon itself may he ex|>anded 
above ground ; but in btjlh of the larger genera there are species hieh hear 
the first leaves as rudimentary undergroutul sealc.s : this is seen in O. 
Vidgaum, where the second leaf only is efTcettve for ussimilaiEon, and in 
/A Luttarh, where a succession of scale-leaves appear, and the eighth 
leaf is the first that is expanded above ground. I’he scale leaves can 

^ CotiiiKirc." Lang, /.j . 
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only be I’lcicl as the representatives, secondarily reduced, of leaves pTimitively 
expanded above ground. 

Another feature for comparison is the balance between the root and 
the shoot. Owing *to the saprophytic mycorhizat habit of the prothallus 
— ^and in some of the species even of the sporophyte itself — there is no 
immediate need for leaf-expansion, though an effect ive root-system is 
wanted, especially where it is itself mycorhizic. This finds its realisation in 
the embryogeny ; for the root-development in the Ophioglossaceae is liable 
to be hurried forward, and the development of the shoot to be postponed, 
Ihat is seen in O. val^ium^ where the first root may already have freely 
emerged from the prothallus even before the shoot is clearly initiatedn 
B. Lunar ia also shows the first root as predominant, and the shoot relatively 
backward in development, with its succession of scale-leaves. Both these 
familiar plants are thus relatively specialised types of their respective genera. 
J^ut the case of O. pendulum shows a still more extreme type ; and it 
seeiTis not improbable that the precocious development of the root has 
completely upset the balance of parts in the embryo, with the result that 
the primary axis and cotyledon are difficult to locate, or may be even 
entirely arrested. Comparing the embryos of the family as a whole, 
it w^ould seem probable that the primitive prothallus was above ground, 
and that in the original state of the seedling even the first leaf was an 
effective assimilating leaf, ivhile those w-ith one or more ineffective scales 
show a more advanced adjustment to their underground habit. The 
deferring of the period of functional activity of the shoot carries its 
reflection back to the early steps of the embryogeny ; the relatively 
late appearance of the axis with its appendages is thus explained, as w'el. 
as the apparently precocious development of the root, ''['he differences in 
these respects shown by the various representatives of the family indicate 
their unusual capacity for adjustment of such details. It is through con- 
siderations of this nature that we may bring these embryos into relation 
with those of other Pteridophytes where the embryo shows differentiation 
at an earlier stage. 

The late differentiation of the parts of the embryo in the Ophioglossaceae 
brings with it a difficulty in their exact location relatively to the primary 
segmentations of the zygote. There is no doubt that in the types under 
consideration (excluding the type of B. obliquum)^ the apex of the axis 
arises in them all from the epibasal hemisphere, and allowing for distortions 
due to unequal growth, it appears to be coincident with, or in near 
proximity to, the intersection of the primary octant-walls. Thus as regards 
the initial polarity the Ophioglossaceae resemble other types of Pterido- 
phyteSn The cotyledon appears in close relation to the apex of the axis, 
both in time and space, and it usually lies between the apex of the axis and 
the first root : but it will be remembered that in Isoeits^ which offers some 
other points of analogy, the root is on the opposite side of the axis to the 
cotyledon. As to the exact point of origin of the first root there is some 
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degree of uncertainlyn In JJ. vhgtfi/arufm it is iraced by Jeffrey from ihe 
epi basal hemisphere, and his dra^vings seem to bear this out. liui in 
O. linichntann indicates a cell in the byi^obusal region as tlic 

probable initial cell. It seems not improbable that in the Opbioglossaceae, 
as also in ibe genus Etjuiseium and among the Lycopodiales, the origin ot 
the root is not uniform in position, but ni^ay in this relatively large embryo 
be at a point either above or below the primary segment-wall. 

A very striking feature in the young seedling is the early appearaiice of 
the fertile Spike. In (9. valgtitim it may appear upon the third ieah while it 
may be seen even on the fust leaf of the adve ntitious buds of this species. 
In H^try^hium Lufhuhi its minute representative may lie found on the 
rudimentary underground scales of the embryo. In these cases the body 
actually seen does not seem to differ either in position or in origin from those 
produced on the later leaves. Such facts will have their bearing on the 
question of the morphological jiaiure of ihe spike. Taken in relation to 
the general theory of sterilisation they indicate that tlte plants are but little 
removed from a condition where the very first leaves were fertile. f)n the 
other hand, lefTrey figures several fairly advanced plants of H. virghtianum as 
having no s]>ikes j but this species is one of advanced leahvonqileNiiy In 
Hdminihoiituhys also, in whicli the leaves are large and conqilex, Lang 
has depicted young plants w-ith expanded leaves, but witliout spikes. One 
is disposed to conclude from these scanty facts that the si m pier-lea ved forms 
of this family are more early fertile than those w'ith more complex leav^es, 
an indication of their more primitive stale : but further data are nccessaiy 
to substantiate the iwiiit- 

Lusily, there remains the case of H. with its suspensor and its 

complete inversion of the polarity of the embryo. It is difikuh to see how 
this is to be brought into relation to its biological surroumlings. As the 
details of this aberrant embryogeny are not yet to liaiul, it must for the 
present lie accepted as an objective fact, the chief interest of which lies in 
the demonstration that such difierenees as presence or absence c>f a 
suspensor, and eonser|uenl inversion of the initial polarity of the embryo, 
are possible within near circles of affinity : this will have its impoL-tant 
bearing upon the comparison <jf hoeks^ wliere as In uujsi UphioglosHaccae 
there is no suspensor, with other Lycopodiales, in which a suspLiisur k 
Iircsenl and the embryogeny inverted as in /L 


CHAPTER XXXI. 

COMPAR.VriVE DISCUSSION AND SUMMARY POR THE 

OP H I OG LOSS ALES. 

rnt: Adder’s roiigiiies cannot yet be considered as located in a definite 
position in relation to other groups of Pteridophytes. Their traditional 
place ainong the Ferns was accorded to them somewhat light-heartedly^ and 
before the details of their anatomy or development were adequately known, 
They sliare two external characters with the Ferns, that they are large* 
leavcdj and that the sporangia are distributed over a considerable extent 
of the foliar organ. But to use these in themselves as a ground for ranking 
them as Ferns involves the assumption that the origin of a large sporophyll 
only occurred once in Descent, an assumption that i,s not warranted. On 
the other handj a relationship with the Lycopodiales has been ascribed to 
them t this has been based in the first instance upon the position of their 
peculiar spore-bearing memberj the spike, as it is called; and it has been 
urged that the insertion of this part is the same as that of the sporangium 
of the Lycopodiales or of the sporangiophore of the Psilotaceae, while the 
function of these parts Is also alike. This argument, like the firsts draws 
its cogency from an as.sumption, that all the appendages holding a ventral 
position on the leaf were of common origin. But parallel development in 
distinct phyletic lines may account for this common feature, as it does 
for so many others in the plant*body. The day is past when single 
characters such as these can be accepted as defining relationships, and it 
is in the study of all the characters that an indication of the natural 
position of any family is to be found. Certain recent writers have indicated 
a specially primitive position for the Ophioglossaceae* comparing them directly 
with the Anihocerotales^^ while V. Wettstein- gives them the first position 
in his treatment of the Pteridophytaj with the remark that ^‘the Ophio 
trlossales are the only living Pteridophytes from which the rest of the 
Pteridophytes can be derived. With such divergent opinions before us 

^ Campbcllj M&sses and Ferti^^ I90S» P- 
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a general revision of the characters of the Ophioglossales hai^ scemetl 
advisable; and any such revision should involve not only their comiuirison 
with other types, but also, \vhat is perhaps more important, a compaii^von 
of their different genera and species among tl^emsclves. 

The whole <]uestion of the character and relations of this fanulv turns 
upon whether they be regarded as an ascending or a descending series. 
The former view', that they are a series of reductioi^, is entertained by many 
botanists* but without, as far as I am aware, any full or detailed stalemoni 
of the grounds for this opinion : iheir saprophytic habit has^ however, 
been advanced as one source of their modi fi cat ion d As regards this 
saprophytic habit the following considerations may be brought forward. 

Mycorhiita lias been observed in in iht mature 

plant : Hruchmaiin states, however, that it is absent from ilie young pbnld 
It is prestmt in tlie mature plants of (9. and and is 

specially prevalent in the peculiarlv modifu d embryo of the former spec ies 
with its unusually precocious root.’' It Iras been seen in twelve species 
of BntrycZiittm by (Irevillius, but in varying abundance,' and Kiihn had 
previously described it for B. Lttmirmx'^ Piuchmaun-' showed that 
inycorhiKa is present in the young plant of the Moomvort, and that since 
die eighth or ninth leaf is the first to he expanded aliove ground, 
the plant is saprophytic in its nourishment up to its eighth or ninth 
year. In HeZmiuiZtoihiBys the fungus is present in the hrst three or four 
roots of the voting plants but absent in the roots later [jroducedd’* It is 
thus seen that mycorhi/a is not distributetl with constancy in the family: 
in some it may be present in tlie young plant but absent in the mature : 
in others ilu: converse ; w'hilc some are distinctly .saprophytic, none have gone 
so far as to discard entirely the chlorophyll-function throughout life ; in 
H&trychUim /.//y^^iWfjJiowever. tlie mycorhizic habit appears to be obligatoryd* 
'I'he most peculiar case, as it is al^o instructive In another point, is 
O. in which the presence id mycorhi/a goes along with tlie 

apparently eom|>]eie absence of the sterile leaf; here it would seem that 
the mycorhi.i^a makes tlie nutrition of the large spike still possible in the 
dense wet forest in whicli the plant grows, notwithstanding that the UMial 
assimilating organ is functionally absent. Reduction is, liowever, not 
ap[>arent in the large spike itself, for provided luitrition he ke[it up from 
whatever source, it would still retain its character, being essentially a spore^ 
bearing organ. I'hus timpkx teacliies what is also seei^ elsewhere, that 
it is the vegetative rather than the propagative system which is pri manly 

* ScTJil, ift I'itsiil |>i 5it- - Kits>ow, ]?. a 22. 

Hoi. y^tt.f I#y4, fl. 241- ’• JilttSf, Amt. Jttrd. /Ai/Z. , , p. (,4, 

^TSowtr, Ann. 0/ Hif/., JO'ili., p, 207, 

“C::unpbfll, Ar.* I’ljittr XVIJ.^ 129. 

^ /‘iof a y i8f>5, p, 445* f'lara^ 18S5, p. 494. ^ >icvi,. sjcj. 

F^rmeTi Afin. AV., silk, p. 421, Jincl I^ang. Ann. t*/ AV/. , xvL . p. 41. 

Stahl, Jithrb.., sxsii-., ]j, 574. 
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affected by disturbed nulritionn I'hb may be presumed to have been the 
case in PsHoium^ where the targe siiie of the synangium proportionally to 
the small bifurcate leaf indicates reduction of the latter, but not of the 
former in the same degree. 

In estimating the eHTect of tnycorhi^a in any family as a whole in which 
it occurs it is necessary to take into account in the first place its constancy^ 
and it is seen that it is not constant in the Ophioglossaceae. Secondly^ 
it is a matter of general observation that plants witl’i an endotrophic 
mycorhiza commonly show a structure in accordance with a limited tran- 
spiration stream i their root-system is compact, and hydiathodes are absent 
from their rather leathery foliage^ Tlie Ophioglossaceae show such 
structure, which should not be confused with the results of saprophytic 
reduction. It may have been primitive for them, and in this connection 
it is to be noted that mycorhi^'.a has been described in plants from the 
Power Coal Measures, so that it is no newly adopted maimer of life.^ 
J'he condition of Hdmntho^kHhys, with its mycorhizal embryo and non- 


mycorbizal mature plant, would be consistent with a primitive mycorhi^al 
state, from which the plant had broken loose and passed to an autotrophic 
condition. But, thirdly, it is important to note that among plants at large 
many species in which it is present show no sign of reduction either in 
tlieir vegetative or in their reproductive parts. I'his may be well illustrated 
among the Ftcridophytes themselves. hhus Lycopodtam tnurfd^itHvi is found 
to be mycorhizic, but its general habit, especially in the large American 
forms, does not suggest reduction as compared with other species* 
Z* cermfum is mycorhizic in the young plant, but it is one of the most 
elaborate of Ly copods. spina hsa is mycorbizic, but S. helveiu^ 

is not ; and yet spina/osn cannot be held as relatively reduced. How 
little the occurrence of mycorhiza may be found to affect the morphological 
character of Ferns is shown in the Marattiaccae* According to Kuhn^ 
a fungus is found in the roots of Kau/fassia, of An^p/eds, and of 
Maradia a/aM, but not in those of M^xraltia fraxinm ; but no reduction 
is to be noted as the result in the former Ferns as compared with the 
latter. Again, Cyaf/tea is slated to have mycorhiza, while Aspkntufn nidus 
has not.^ Such facts as these dearly indicate that in Pteridophytes the 
presence of a mycorhiza does not spell reduction. Accordingly it cannot 
be justly assumed Uiat the somewhat inconstant occurrence of the mycorhizic 
habit in the Ophioglossaceae has been a source of general reduction in the 
family^ though reduction may have played its part in certain species. P e 
argument in favour of their being a reduction series as a whole will have 
to be based on other evidence. 

Pending the statement of such evidence, the Ophioglossaceae may be 
treated, without any preconceived Idea of general reduction, in the same 
way as any other family of plants. The natural comparison of them 
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among themselves— and not giving undue weight to the species wliich 
happen to be the commonest — leads almost inevitably to their seriation 
in the way indicated above (pp. 431-446). The upright radial, unbranched 
shoot is the central type, and the only dcpaituirc from it is in ilie 

large'lea^■ed where the dorsSventrai rlUKome ma)' be held 

as illustrating a secondary condition ; tlie primitive stock was j)ri:ji>ably 
u[>righi and radial for them 11. It was also polyphyllous, as in most 
Ollier Vascular Plants, while each leaf bore the characteristic spike, which 
IK essentially identical! in them allj whatever its actual nature may be 
held to be. Within the faniily it is probable that the three gencia 

illustrate three distinct lines of descent from some common source, already 

provided with a body of the nature of the spike. In ttie 

original polyphyllous state is still seen in various smaller sjiLcics : and it 
is worthy of remark that the i^earesl similarity to other strobiioid types is 
seen in those species in which the appendages are simplc.^t and smallest, 
but, as pointed out above, the monophyllous habit has biological advan- 
tages in plants with an undcrgrotind stock, and with its adoption followed 
enlargement of the individual leaf, and of the spike, the two parts showing 
some degree of parallelism of dimensions. Thus the ordinary type of 
< 9 . is attained. I ission or ihorisis of the spike is an occasional 

occurrence in O. vni^atttm and other species, but It betame u fixed 
character in ( 9 . pahmUttm. It appears probable, however, that it is on|v 
attained in this species iji fully matured plants: thus the iodivuluai rT 
th is species may be held to illustrate in its own hfe tire origin of its 
more complex form. Here again a parallelism exists between the irregular 
lobing of the sterile lamina and the number of sjiikes which it laars. It 
would be difficult to ex|>lain these cliaracters in any other way than as an 
ascending series involving chorisis. A probable line t>f reduction docs, 
however, occur r it is illustrated l>y the series O. hih'yftH'dhfm, 

and ^impiex^ the latter having no funciiona] representative of the fertile 
lamina. 

A distinct line, also of progression, is seen in Hidryi-himn^ but \vith 
different details. 'Die series of forms seen in Jf. dmph\x (lug. 540), and 
in the young plants of A iMnarla^ link on by llicir simplest forms witli 
the comlition of a small with simple sterile lamina and 

unbranched spike ; by very gentle gradations they lead on to the branelicd 
sterile lamina and fertile spike characteristic of tl^e genus, the branchii^g 
of the spike beit^g clcjscly connecte<i with the enlargement and fission of 
the sporangia. Jheie is reason to believe, as Lueissen has indicatetlj 
that these forms illustrate progress in the life of the Individmil, from the 
simpler to the rttore complex : and the suggestion lies near u> hand that 
the individual in this respect '‘climbs up its own evtilutionary tree.” The 
continuation of this method of advai^ce would lead onwartls to tl^e most 
complex forms, the spike and lamina preserving a jjarallelism as hefore, 

^ Ki^b. AVy'/i^, Fhta^ iiL, jx 570- 
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Oil this the two genera, starting from a common sourcCj would be 
lield to illustrate two distinct lines of progression to a more complex state. 

rhe tliiid genus, with its single highly elaborate species, gives no such 
suggestion of its origin by comparison of nearly allied spetieSn It stands 
as the most isolated member of the family : but its normal spike is 
evidently similar in plan to that of a large supposing its 

marginal rows of sunk sporangia were replaced in Hdniinifmiachys by 
serried ranks of sporangiophores. 1'here is a biological probability that 
such an advance should occur in a large spike bearing many spores, for 
thereby Che advantage is gained of more ready nutrition of the subdivided 
sacs, and more easy dissemination of the spores when mature. 

The progressive advance thus suggested for the Ophioglossaceae iS in 
accord with biological probability, in a series with a marked tendency to 
a monophyllous state, and consequent enlargement of the individual leaf. 
Provided the nutrition be available, an increase in numbers of spores is 
an advantage in any homosporous form. But an indefinite increase in 
siiie of individual sacs raises dithculties of nutrition ; subdivision is thus 
to be anticipated in any progressive series, and that is seen in Ophi&- 
g/sss}tm. A project! tig position of the individual sporangium is an 
advantage in dissemination of the spores. This is ill provided for in 
Opkiogiossiiui^ and in this respect Botrytkium and Hdrfnktk&s/afkys show 
a more effective state. Jt appears to me difficult, without special reasons 
assigned, to recognise this family as a series of reduction, for it would 
be in opposition to these biological considerations. On the other hand, 
comparisons within the family clearly indicate an upward rather than a 
downward progression, while in any case those who hold a theory of 
reduction would find peculiar difficulty in explaining the condition seen 
in Ophioghssum 

The next step will be to discuss the morphology of the fertile spike, 
and to see what are its nearest correlatives among the members of other 
Vascular Plants. The spike in all the representatives of the family is 
clearly the same part : it is in fact truly homologous, or homogenous In 
the strict evolutionary sense. This follows from the high degree of 
constancy of position and function which it shows in normal cases. 

Various theoretical explanations of its morphological nature have been 
given by different writers. Jt has been suggested by Braun ^ that the 
sterile frond is a foliage leaf, and the fertile spike the only developed 
leaf of a bud seated in its axil, and coalescent with it. Somewhat later, 
Roeper (1S43} published the opinion that the sterile spike and fertile leaf 
are equivalent — that is, borne by the same axis — but coalescent together. 
Subsequently he substituted for his old view the opinion that the fertile 
spike is the result of coalescence of two lateral, lower, fertile pinnae of a 
frond, of which the remainder is usually sterile." Lastly, Goebel has put 
forward the opinion that the fertile spike is the lowest pinna of the 

1839, p. 301. 1859. 
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sterile frond, which however arif>es not laterdlj, but m a median position. “ 
Of these various views, which all coincide in attenipting to refer the 
spike in origin to a leaf or part of a kaf of the ordinary vegetative 
sequence, only that of Goebel may be considered to hold the ground at 
the present time.“ 

The arguments advanced by Goebel in support of his theory were 
primarily a comparison of malformations, especially in Batr}'{hium Lun&na. 
It was pointed out that here tl’ie normally sterile leaf shows most various 
intermediate steps of fertility till, in extreme cases, it may be wholly 
represented by a fertile sporophyll (Fig. 24s, p. 443), It is recognised that 
in these cases there has occurred a true metamorphosis of a foliage leaf into a 
characteristically formed sporophyll, wliich differs in a striking manner From a 
foliage leaf The inference which Goebel drew was *'that this is also the 
case in the normal and usual sporophyll, that this is produced from 
a part of a foliage leafd' This argument has been dealt with at length 
elsewhere,^ But more recently Goehel has strengthened his po^iiim^ by 
observatioi^s on the yoiu^g leaf of HdmifflhosfaehysJ^ He does not i;i\e 
any account of ihe first origin of the spike, which in B&hydimm has 
heen traced and found to be different from that of the sterile pinnae, 
but lays stress upon its similarity of form to the sterile lol>es, upon its 
dorsi ventral character, and upon the development of the lateral swings in 
abnormal cases, like those of the foliage leaves. I le concludes : “ We can 
therefore trace back the sporophyll to a specially far-reaching transfoi maiion 
of the vegetati%'e leaf.” 

Tn his admirable discussion on teratology in Schenk’s //ijmihfdi 
Professor Goebel has drawn attention to the fallacious conclusions 
which may be arrived at, on the assumption that malformations 

really afford evidence of the morphological nature of the parts con- 
cerned ; he has quoted as an example the malformations of the ovule, of 
which specimens may be selected, so as to illustrate the gradual steps 
of abortion of the iiucellus and integuments, together with correlative 
vegetative growth of the funiculus, till the result is reached that the 
whole ovule is replaced by a simple leaflet;" but he concludes that tins 
final result shows bow little justification there is in accepting the vegetaiive 


'Edicnk's IJandbuch^ vul. \]l, {>. nj; vttl iL, p. 4S1. 

®Siirt’tck-nt rcn^Kiijsi for selling Rue|jer^ji ihcf^ry ]il\V4; \^xn in SMts, ih, 

\K 46. TJie |iodd(jri nf those who sjwsik <jf the spike a ^‘venlrcil IoIhj'' knf 

iipiK-ars S4micwhat ohseure ; if by this h meant My v,l\ch tn.iy vK.hl in ihv 
sUHe, ihcn (.iihcr it tnust hava been marginal or ventral in origin : if ihc former, the 
view K that of Gueliel : if die loiter, then ii Ik-s willi them to si ton that sueh VLi;ei:tlivi.‘ 
Pit ns exist in these or oilier plants. iJul the term may c^innotc a venlnil part which has 
been fertile throughout descent: in that ca^e llie view k coinddenl wlih my own 

aUvTinced in 1S91 A\S., iJet, 17, p, 2 job and now sobmilted again in a modiljed 

foi'rti, 
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development of ore- bearing parts as phenomena of reversioriH This Is 
precisely the vie^v which I take with regard to the fertile spikes of the 
Ophioglossaceae ; the fact that when spore-production is suspended in 
them a correlative vegetative growth trtay result in fornt like that of the 
sterile leaf, or some portion of it* is to be compared with the similar 
cases of those Ovules which are replaced by leaflets. In the case of the 
Ophioglossaceous spike, as in that of the ovule^ its replacement by a 
body resembling a foliage leaf or leaflet does not demonstrate its 
homology with, or its origin from, such a part : nor does the formation 
of a lateial vegetative wing in place of the marginal sporangia, or 
sporangiophoreSj show that the latter were in descent the result of trans- 
formation of the former. 

There is also the inherent objection to Goebers view, that i: ascribes 
the origin of the sporophyll to transformation of a vegetative leaf. It is 
doubtless possible^ by assuming a megaphyllous plant with elaborate 
vegetative structure as pre-exi$tent, to imagine its reduction and modifi- 
cation to produce such forms of spore-bearing parts as we see in the 
Ophioglossaceae. But to those who hold consistently to a theory of 
antithetic alternation, with sterilisation as one of its most important 
features, this assumption is not admissible: to them sporophylls are not 
modified foliage leaves (compare Chapter XIIL). 

All the theories which would refer the spike in origin to some foliar 
part, modified or altered, start from the more elaborate types of the 
family, and assume reduction. But if the converse line be taken, quite 
difierent views emerge. And there have not been wanting those who 

have already approached the question of the morphology of the spike in 
this w-ay, which is certainly the most direct.^ It seems more probable 
that a sound view of the morphological nature of the spike should be 
obtained through comparison of its simpler forms than of the more 

complex with what is seen In other Pieridophytes : ^ and it is naturally 
with the microphyllous forms that the closest correspondence may 
accordingly be expected. 

' Mettcaius, Bot. Zeit.^ rStj?, p. gS ; Cebkovsky, Pringk. Jahrhu^ iSS^i., j), 291- 

^An interesting passsige from Goebul’s may here be quoted, which js 

specially applicabt* to the present case I Engl. <xl., vol. i., p, 60} l Most of oUf phylo^ 
genetic series are reduction series, that is to say, are those in which the changes are 
brought about hy arrest. There b a simple psychological cKplanfttion for this. If we liave 
a dehnUe 'type^ we obtain iliiough it a fixed star ting- point for our comparison. But 
this is wanting when our comparisons deal with an ascending and not with a dpcending 
series. It is specially necessary to refer to this, because arrests have frequeniiy been 
assumed upon the subjective grounds above indicated without definite proof of their being 
existent. ... It is only our synthetic necessity which forces us always to the assumplion 
of reduction-series, of whicl^ however, many can only claim to be fictions, imparting 
the aesthetic pleasure of bringing a series of facts into connection with one another. 
The 'Mynthetie necessity’" in the present case has been to bring the large-leaved 

Ophioglossaceae into line with the definite larged eaved type of the P'erns: the latter 

have been constituted a fixed starting-point chiefly because they ate well ktiown. 
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Among the microphyllous Pteridophytes there is sometimes no strict 
relation between the spore bearing members and the bract lea veSi, but in 
tl^e majority of them some constant relation is found. The common 
type is for the former to be in the median position relative to the latter^ 
though the level of insertion rna 3 " vary. In the Sphcnophyilales this 
position is seen in the simpler forms, such as majus and tnehoma- 
tosum ; but it is departed from in others where, probetbiy owing to fission* 
the ]mmber of sporangiophores is larger than that of the subtending 
bracts. In the Psilotaceae the radial position is maintained, but tile 
insertion is very close to the apex of the sporophy!!. This local relation 
of the two parts is so constantly seen in these groups, which include 
some of the most ancient plants, that it suggests for them a fixed 

morphological character rather than a mere result of independent adap- 
tation. The existence of a like constant relation in another group 

compels the exact comparison of the parts thus similarly placed and 
functional]} identical. The criterion whether this is a mere analogy, or 
whether some deeper significance underlies it, will be found in the 

degree of correspondence which the plants show in other characters than 
the one in question. To apply this lest a comiiarison will be made 
between the Sphenophyllaks and the Ophioglossalcs, first as regards their 
spore- producing members, and afterwards in respect of the other characters 
of the sporophy te. 

lioth in OphmghtUiiH and Bolrythium species occur with small spikes 
bearing few sporangia, and they are specially found in the young plants 
{O. Btrgituuim^ B, and lMHaria) \ it is in these that the closest 

similarity exists between the two genera, while from them by gradual 
Steps the two types diverge, 'I hese small spikes coirsist of a simple stalk 
w'ith vascular supply* bearing towards its distal end a few sporangia 
marginally disposed : the insertion is median on the sjjoroph} 11 : the 
essentials of form* position, and function are here similar to those of 
the sporangiophores of the I'.silotaceae, and especially of those stalked 
sporangiophores of TmeBpkrh desc:ribed by Fliomas.^ The differences 
lie in the forked leaf of the J^silotaceae, while that in these simple types 
of the Ophioglossaceae is usually entire, and in the exact position of the 
sporangia. 

Itut in both groups there may be a departure from the exact numerical 
and local correspondence of sporangiophores and sfxjropliylls : and these 
lead to an interesting comjjarison. "I’he case of O. paimtiium has bucn 
referred to chorisis of the single spike, which seems the only explanation 
of the plurality of irregularly branching spikes seen iu an intra-margin a! 
position in that species. In the Sphenophylls the fretpient close juxta- 
position of the pedicels of the sporangiophores points to a similar chorisis* 
as accounting for the conditiciti seen in S. Da7i>smu\ and possibly also in 
the imperfectly known 5. BcemerL Moreover, the vascular connecLltsjis of 

' Pr^. vol. txiK,* p. J45, 
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the sporangiophores in the more isolated Cheirosfrobus point to a similar 
origin of its very complex stale- It would thus appear probable that the 
sporangiophore of the Sphenophyllales and the spike of the Ophioglossales 
are parts not only similar in position and function, but also susceptible 
of chorisis. This may be held by some to be only a distant analogy : 
but such analogies have a way of developing into convincing evidence when 
they prove to be cumulative. 

The first appearance of the spike in Ophio^hssum is upon the upper 
surface of the sporophyll, in a median position some distance from the apex, 
but in Bofrydnum it is close to the apex (Bruchmann, Fig. 57). A com- 
parison of the latter witli what has been seen in P$ilofum and Tmesipttrh 
{Figs. 23O3 232), shows a striking similarity in the position of the spore- 
bearing parts relatively to the apex of the sporopbyll. If this similarity 
also be only one of arralogy, it is at least a singularly close one. In the 
Psilotaceae only two lateral leaf-lobes arc subsequently formed, but in 
Botf jchiifm a considerable number. The pronounced apical growth of the 
Ophioglossaceous spike is also a point of difference from the sporangiophore 
of the Psilotaceae ; but it naturally accords with the more elongated form 
when mature. 

The details of development of the sporangium afford material for 
further comparison. It has been shown how in the Psilotaceae there is 
special difticulty in recognising the exact limits of the sporogenous masses 
at an early stage of the sporangium, and that there is no definite 
tapetum. In Ophioghssum the condition is similar; there is the same 
indefiniteness of the sporogenous masses w^hen young, and the same 
absence of a definite tapetum. On tbe other hand, the Ophioglossaceae 
themselves show" interesting gradations : for while Ophioglossum has the 
indefinite characters noted above, B&trychium and Hdminthosiachys show 
a more definite specialisation of the sporangia, which goes along with 
their smaller size \ for here the tapetum is a definite one, and originates 
outside the sporogenous tissue. There is thus an approach in the 
Ophioglossaceae to the condition seen in the Eusporangiaie Ferns. The 
indefinite condition of the sporangium is exceptional among the Pterido- 
phytes : of living forms It is most prominently seen In Ophio^osstoih 
Pdhium^ and Tmesipferls. This similarity materially strengthens the 
comparison between the spore-producing members of the Psilotaceae and 
OphiogloEsaceae. 

From the development of the individual spikes of the latter some idea may 
be formed of the steps which probably led from the simple structure on which 
the comparison has so far rested to the more complex. In Ophi&gi&ssuni 
the lateral roivs of sporangia arise from the sporangiogenic band : its cells, 
originally aiikCj differentiate into sporangia! wall, septa, and sporogenous 
groups : in point of origin the latter are all alike, and the structural details 
are in accord with a theory of progressive septation, that is^ a conversion 
of part of the potentially fertile tissue into sterile septum in the enlarging 
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part. Such sterilisation, amounting even to the formation of permanent 

septa, has been shown to take place in other plants, and the theory is 
not openj therefore, to d priori objection {see Chapters VI T. and X,), 
The frequent absence of sporangia from the tip of the spike is probably 
due to abortion : they cover the apex hi sonic species, which also show 
abortion of sporangia lower down O, pe/ftiu/u/fi)* The presence of 

vascular strands in the septa themselves shows how' the physioitjgical suppl)' 
followed the structural advance: on a theory of lateral fusion of sporangia 
such a position of the vascular strands would be, to say the least, 
improbable. Lastly, imperfect or irregular septa have sometimes been 
seen. Thus the structure, so far as it goes, readily coincides with a 
theory of extension, and progressive septation to produce the s|jike of 
Ophioghsuifu from some simpler beginning. 

The case of Botrychinm is similar, though less obvious, owing to the 
isoktion of the sporangia, while it is complicated by the fact that 
branching of the spike frequently accompanies septation. That a structure 
compatible w-ith progressive septation exists is shown by Figs. 553, and 
its relation to the branching, which brings such conspicuous results in 
the spike of Botryikwm^ appears In its simplest form in Figs. ?52. It 
only requires the repetition of the processes, which are thus illustrated 
in the individual, to lead from the simplest to the most complex spikes 
in the genus. 

Lastly, in Heimiffthostuchys. the ranks of sporangiophores correspond 
in position to the rows of sporangia in Ophiogiouam. An upgrowth from 
tlte sporangiogenic band, less regular, but of the same nature as that 
seen in the brancliiing of the spike of Boirychium, would give llie sporangio- 
phores of iiciminthiniarhys^ while the individual development directly 
represents what this progressive theory demands. This, indeed, is the 
foundation upon which the present view' of elaboration of the spike in 
tile Ophioglossaceae is primarily based : without any preconceptions 
involving reduction or modification, the theory is founded directly upon 
the simple facts of individual development, 

■ The anatomical structure of the shoot in the Ophioglossaceae with 
its rare dichotomy, wdiich compares rather with the microphylbus than 
with the megaphyllous Pteridophytes, may next be considered. It has 
been seen above {p. 464), that the facts observed arc compatible with 
an origin of the axial system from a protostelic state. The stele of the 
seedling or adventitious bud, is either a protostele or slightly medulkted 
monostele; passing upwards along the shoot there is an amplification of 
the stele, with swelling of the central pith. In the lower region there is 
usually a well-marked endoderinis : this may be continued throughout 
the length of the rhizome, but in some cases it fades out upwards, as 
the stele distends, d'he xylem in the upper region forms a hollow 
cylinder or funnel, more or less interrupted by leaf-gaps, where the 
single strands of the several leaf-traces ])aa3 ofT. The proioxylem is not 
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a) Wily s well marked; it is I’lext the pith in Ophhghssum and BottycHum^ 
but niesoxylic in H^iminOmhithys. The central protoxylem in the stele 
of the seedling is in a position corresponding to that In the medullated 
stele of the older stem of Ophhgh&&iim aird Botry^hium \ consequeritly, 
the mature state appears to be a natural amplification of the centroxylic 
protostele. 

The niesarch xylem of JidminBiOstadiyi presents a difference from 
the rest, and it raises a question as to the importance attaching to the 
exact position which the protoxylem holds, for purposes of comparison. 
The stele of Tmesipfed^ is mcsarcli also in its upper region (Fig. 268), and 
this is stated to be so also locally in Psihium, though tlie position of the 
protoxylem in both is peripheral in the lower parts. Again, in Sdagitteiia 
it fluctuates in the individual stem (Fig. 173) : in the seedling all 
conditions from the endarch below^ to the mesarch^ and finally to the exarch 
above, may be seen in sections taken successively from the same plant. The 
Psilotaceae and Ophioglossaceae thus show' a similar instability within 
their respective families, and in less degree in the individual plants also, 
and this instability is shared by 3 €Mgi?id/a. This deprives comparisons 
based on the exact position of the protoxylem of much of their cogency, 
so far as they relate to these families. Too much weight has been 
attached to the position of the protoxylem in the comparative study of 
the Pteridophytes. It is a welhknown principle of taxonomy that 
diagnostic characters which may be good in one alliance may be so 
fluctuating as to be useless in another, 'fhis appears to be so in 
respect of the position of the protoxylem in many of the scrobi- 
lold Pteridophytes* Accordingly, a prevailing, though not constant 
central position of the protoxylem in any given family cannot be held 
as in itself invalidating comparisons on other grounds with types where 
the protoxylem is usually though not always peripheral. The conditions, in 
point of fact, overlap within certain families, or even in the individual \ 
the position of the protoxylem as a comparative or diagnostic character 
must therefore be held as suspect* In the present case the prevalent 
centroxylic state of the Ophioglossaceae cannot in itself be held to- 
dissociate them anatomically from the strobiloid Pteridophytes (and particu- 
larly from the Psilotaceae)j since both meet on common ground in showing 
at times a mesoxylic condition. 

The stele of the Ophioglossaceae, amplified as described, does not 
remain a closed cylinder: its continuity is interrupted by foliar gaps, the 
vascular ring opening at the point of exit of each leaf-trace* The structure 
is that described as phyllosiphonic by Jeffrey, and distinguished by him 
from the cladosiphonic type, where the leaf-trace passes off from the stele 
without any opening. Jeffrey has laid this distinction down as separating 
his Lycopsida from his Pteropslda. According to their structure, the 
Ophioglossales would then fall into the Pteropsida* Jeffrey remarks^ that 

^ /^hiL Trant.i vfll. cjtcv,, pt 144. 
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these two great stocks appear to have been separate back to the 
beginning of the period when the palaeontological record begin?/^ If 
this were so, the anatornical difference would, in all eases, indicate a true 
phyletic distinction. It is necessary to obtain a clear idea whether or 
not this will hold good* 

The structural difference is based upon the greater or less dominance 
of the leaf in the whole shoot ; the phyllosiphoiiic type going, as a rule, 
with a megaphyllous state* But megaphylly may have been attained along 
more than one line of descent. If it arose in more than one phyletic 
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line, then the phyllosiphoiiic state, which is its internal structural expres- 
sion, will also have originated more than once* If this were so, then the 
phyllosiphonic structure would not necessarily indicate affinity, and the 
Pteropsida, as based on the structural point, could not be held to be a 
natural group. The question will therefore be whether there is any evidence 
of the origin of a phyllosiphonic from a cladosiphonic state. It might be 
expected either in a shoot, with increasing proportion of the leaves, or of 
decreasing proportion of the axis. The latter is the state of the distal 
region of the shotjt of Tmttipterh^ and Fig. 268 shows the condition there 
seen : the two larger tracts of xylem are separate ; but isolated elements 
showing imperfect lignification link them together t the caulinc stele is here 
seen in course of disintegration into rnere leaf traces : these enter the 



OFHIOGLOSSALES 


4SS 

axial system by foliar lacunae, after the manner of the phyllosiphonic type. 
But in its lower parts, TmenpUns is typically cladosiphonic : it is thus 
seen that a phyllosiphomc structure may arise in a cladosiphonic stocky 
and the illustration is taken from that group of plants which show analogies 
with the O|)hioglossaceae in other respects; on comparison of Fig, 26$ 
with Fig. 258 of 0. Bergiajuuft^ the essential similarity of the two cases 
is evident. But in the Ophioglossaceae the structural dominance of the 
leaf is on our hypothesis a consequence of the advance of the leaf towards 
megaphyllyj combined perhaps with weakening of the axis which bears 
it. It matters little how the balaiice between the parts of the shoot is 
disturbed : the progression would be essentially the same in either case. 
I'hese considerations show, in the first place, that it cannot be assumed 
that all phyllosiphonic plants are necessaril)^ derived from a distinct and 
primitive phyllosiphonic stock, such as Jeffrey assumed for his Bteropsida' 
and secondly, that analogy of their structure with Tmesipkris indicates a 
possible origin of the phyllosiphonic type in the Ophioglossaceae, phyletically 
quite distinct from that shown by the true Ferns.^ 

The leaf-trace in the Ophioglossaceae is typically a single, strand, which 
branches within the cortex into strands w^hich vary according to the pro- 
portio!is of the leaf which they serve : - these facts accord with a theory of 
origin of the leaf from the simpler type. It is interesting to note that 
“the branching of the leaf-traces within the cortex is very characteristic 
of Sphenophylium**^ As regards the structure of the collateral strands of 
the leaf, those of the larger forms show similarity to the Eusporangiate 
Ferns, the smaller correspond rather to those of the larger-leaved strobiloid 
Pteridophytes. 

The occurrence of secondary thickening in the Ophioglossaceae i-s 
occasional rather than typical of them. In H€iminthosfa€hys it is absent : in 
Ophi&ghssufn a feeble growth has been occasionally seen ; but in BoiryiMum 
it is a marked feature, and extends from the axis onwards to the base 
of the root. This inconstant occurrence of secondary activity, sometimes 
feebly shown, has its parallel in other affinities, both of Fillcales on the 
one hand] as in the Maraitiaceae,^ and of the Psilotaceae, where a develop- 
ment very like that of Ophhghsmm has been seen in P^ilotump The 

’It will l>e seen below that cerlain Ferns, for instance the Botryopterideae, are mot 
phyllosipbonic : thus the anatomical (listinction of Jeffrey breaks down on both sides. 

^The only known exceptions to this are in O. petidulum and dmpUx^ where the leaf" 
trace is inserted on the cauline system as several dtstincL strands. These species belongt 
however, to a section of the genus believed to he highly specialised rather than primitive 
types ; and this character itself must, by analogy with the similar cases in the Ferns, be held 
to be derivative {see Ann. ef 5 ^/., xviii., pp. 209, 215J. 

^ Scott, pi 91. ^Farmer, Ann. of xili., p* 440. 

^Boodle, Scott {ftntm. Bey/. Micr^ Sai.t 1906, pp. 519-521) has described 

under the name of Botryshioxyl&tt a new genus from the Lower Coal Measures, with 
“radially seriated wood, apparently of secondaiy- chaTacterJ^ It is related anatoaiically 
lo Zy^pi^rit somewhat as Botrythium is to 0phioglo5?um. 
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more active development in B&trydnujn finds Its correlative hi the more 
active thickening seen In Sphemphylittm^ These again may be mere 
analogies, but they are cumulative, in that they run parallel with others, 

Lastly, it has already been shown that as regards structure of the 
roots there are unmistakable points for comparison of the Ophioglossales 
with the Lycopodiales on the one hand, and on the other with the Lili' 
cales, especially the Marattiaceae ; the former comparison is in respect 
of the simpler, monarch types^ the latter as regards the more complex: 
the latter branch monopodially as a rule^ behaving thus like the roots 
of the Filkales : the monarch roots, however^ show' dichotomous branching. 
Unfortunately^ the Psilotaceae, which show so many other jjoints for coni' 
parisohj are rootless, wliile the roots of Sphempkylium are so imperfectly 
known as to give little help, though the facts relating to the roots are 
not in any way decisive^ they indicate, what emerges from so many otlier 
comparisons, that Ophiogh^sum shows characters approaching the strobi- 
loid Pteridophytes, while H^lmintho^idchys compares rather with the Fill calcs, 
and takes a middle position. 

In the embryology two distinct types have been recorded for the 
Ophioglossaceae, the one with and the other without a sus[>ensor. I’hat 
without a suspensor corresponds in its essentials to the type prevalent 
in those Fteridophytes which Irave the usual octant division, but lliere 
are modifications here in accordance with the underground origin from 
a large niycorhidc prothallus, which nourishes itself saprophytically ; the 
chief of these is the deferring of the period of functional activity of the 
shoot : consequently it is difterentiaied late, and though the root is not 
initiated earl), as comjiared with Other embryos, It very tiiarkediy precedes 
the appearance of the axis and cotyledon in Ophid^iosstnit^ and in less 
degree in Hoiryikinm. This at>pears in an extreme form in those species 
described by Caiiipbell, and es|jecially in V. pifidulum, where it is possible 
that the primary shoot is permanently replaced by adventitious root'buds, 
similar to those common in the genus. These modifications in time of 
development make the reference of the parts to definite positions in the 
embryo somewhat difficult. Hut it seems certain, nevertheless, that in the 
less extreme fornis the axis arises from the epibasal hemisphere, in close 
proximity to the Intersection of the primary octant-walls. 'Ihe cotyledon 
appears between the stem-apex and the roof, but it is late in origin. In 
0, Viiigatfon it apptars simultaneously with the axis, and the relation b 
so close in fh vir^imamim that Jeffrey states that the cotyledon, like any 
other leaf, is derived from the shoot meristem. This is interesting in 
its bearing on the theory of the cotyledon, which has been held to be 
simply a leaf of the shoot showing anticipatory development (see p. 

I’he foot which is not largely developed originates from the hypubasal 
hemisphere. The position of the first root appears to be indeterminate, 
as it is In some other embryos, a fact which is mtcresiing as uplioldmg 
the view that it is a mere accessory to the shoot. It is referred by 
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BruchmAnn to the liypobasal hemisphere in O. vui^aium^ but to the epi- 
basal by Jeffrey in B* where tlie whole hypobasal hemisphere 

goes to form tlie foot. Jii B. Lfiftarfa Eruchniarm found it impossible 
to refer it with any certainty to either, "fhese factSj taken together with 
a similar uncertainty in the einbr)os of Equhetum, and the demotistration 
in the Lycopods that the root is variable in its point of origin, show 
that its indeterminate position is a frequent feature in the embryos of 
the strobiloid Pteridoph} tes* however constant it may appear to be in 
the Ferns. 

Regarded a whole, the Oplrioglossaceous embryos without suspensor 
consist of a simple shoot, of which the polarity becomes apparent relatively 
late, but it is of the same nature as that seen in Isoetes^ in Equis^ium^ 
and in the Ferns. The apex of the axis, arising in dose relation to the 
intersection of the epibasal octant walls, is directed to the neck of the 
archegonium : the foot occupies the opposite pole, and the root appears 
as a lateral, accessory part, of indeterminate position, but of relatively 
early origin, and precocious growth. 

'rhe other type of embryogeny seen in B. obliquum shows an exactly 
inverted polarity : the condition appears to be comparable to that of the 
Lycopodiales (excl. I^oetes ) : the pole directed towards the neck of the 
archegooium becomes the suspensor, while the opposite pole develops 
the embryo, having parts quite comparable in position to those, for 
instance, of S^hgiadia sphmhsa^^ but with an early and strong assertion 
of the first root. The importance of this lies in the relaxation which 
such a fact brings from any rigid view of embryonic development: it 
seems completely to disprove any morphological predestination attaching 
to the primary cleavages of the zygote in the Pteridophytes, 

The materials of this discussion may now be drawn together into a 
general hypothesis of the morphology of the sporophyte, as it is seen in 
the Ophioglossaceae. At the outset it has been concluded that the some- 
what inconstant occurrence of mycorhiza in the sporophyte is not a sufficient 
reason for assuming that the family has undergone general reduction : in 
the absence of any such preconception the family may be treated com- 
paratively as an ascending series, though with the recognition of occasional 
reduction. The facts before us are in accord with the following account 
of it. The embryo sporophyte achieves an early polarity, marked by the 
definition of the stem-apex : the base of the shoot thus initiated is 
represented by the foot, or in B. oMiquum by the suspensor* The 
primary axis thus defined continues its growth, with rare bifurcation, 
throughout the life of the stock ; but adventitious or axillary buds (usually 
arrested) may be formed, which simply repeat the development of the 
primary shoot. The axis bears leaves in spiral or dorsiveniral succession, 
and they are all of one primitive type, though liable 'to differentiation. 

^Compare Bruchmann, Taf. iii*. Fig* 63. 
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The roots a[)pear early : the first root (sometimes precocious and 
inordinately developed in accordance with the mycorhizic habit) is 
essentially lateral upon the slowly developing axis, and the indefiniteness 
of its position, above or below the basal wall» indicates its accessory 
character. The whole shoot is^ in fact* a rooted slrobilnsj which remains 
usually simple; but its strobiloid character is disguised by the abbreviation 
of the axis, and by the slow succession and relatively large size of its 
leaves. 

The first leaf of an adventitious bud of O. or the third leaf 

in the sexually produced plant* may be fertile : in Boirychium Lumirln 
the ninth leaf has been seen to be fertile. Such data, limited as they 
are^ show a record of early appearance of spore-producing tn embers 
unequalled elsewhere. They indicate a high probability that all the 
leaves are of the nature of sporophylls, while abortion of the spike, so 
frequently seen in various degrees in later leaves, ^vouid account for its 
absence in those first formed* These may be expanded above ground 
{Helmtntha^iachys^ 0, p^ibniadosum^ B. or may be arrested, 

and appear as mere scale-leaves. The latter is clearly a consequence of 
the underground and saprophytic habit of the prothallus, which diminishes 
the necessity of early self-nutrition of the sporophyte* and thus leads to 
reduction of the first leaves of the shoot as a purely secondary condition. 

On the other hand, the underground habit leads* as already explained, 
towards a motiophyllous development, with enlargement of the individual 
leaf. This is imperfectly realised in the smaller species of 
which on our hypothesis would be the more primitive; but it appears 
typically, though not universally, in the largerdeaved forms. Comparison 
combined with biological reasoning indicates, then, that kaf-enlargemeiit 
has taken place. The anatomical facts accord with this l the solid or 
slightly medullated xyleni of the stock widens out upwards into ca funnel 
or cylinder, with foliar lacunae* where the single leaf trace-strands pass 
out : the dilating of the stele follows the increase in size of the leaves in 
the individual 1 this may be held to prefigure that of the race. Probably 
the original foliar supply was here, as in the strobiloid forms, a single 
strand* and this is still represented by the single bundle of the leaf- 
trace. In O. BergtGHtim the single strand may be seen continued without 
branching some distance upwards into the leaf* The branchings ivhioh 
appear In other species early in its course may on our theory have 
followed upon the enlargement and elaboration of the leaf. The Ophio- 
glossaceae are phyllosiphonic from the first: but the case of Tmtsiptens 
has been adduced as showing that a transition may occur from the 
cladosiphonJc to the phyllosiphonic type : this may occur in any case 
where the balance between the axis and the appendage is disturbed, so 
as to Increase the preponderance of the leaf. On our hypothesis of a 
strobiloid origin for the Ophioglossaceae this has been the result of the 
stunted development of the axis consequent on the subterranean habit, 
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and of the enlargement of the leaf culminating in monophylly j both these 
factors will have tended towards the dominance of the leaf, and so it is. 
not surprising that tiie structure of the shoot should be phyllosi phonic 
from the first 

Reasons have been advanced above for not accepting the view of the 
fertile spike as a modified pinna, holding a median position. The 
allerjiative is that it is a substantive part not referable in origin to any 
vegetative structure previously present- Such substantive parts are seen 
in the Psiiotaceae and SphenophyUeae, occupying a position corresponding 
to that of the Ophioglossaceous spike, vi*. the sporangiophores. The 
smallest spikes of Ophiogh^sum or JS^trychium are little in advance of 
these. From them, by sedation of specimens of the same species of 
different ages, and by further serialion of different species, the steps 
leading to the niiost complex forms of spike may be represented : while 
its branching, where present, is matched by the increasing complexity of 
the sterile leaf. The advance thus contemplated in the spike involves 
continued apical growth, and branching, together with growth and septation 
of the sporangia. Apical growrh of limited duration already exists in the 
sporangiophore of riilotum : the structure of the young spike in Ophio- 
giossum^ and less clearly that of is such as to be perfectly 

compatible with seplation, a process for which there are demonstrated 
precedents elsewhere. Further, it has been show'ii that with the growth 
and septation of the sporangium the simplest branching of the spike of 
Boirychinm is very closely allied. In HdmiHthostadiyi a further elaboration 
is present, which may be referred to the replacement of the sunken 
sporangia of Ophioglountn by dense ranks of sporangiophores : and it has 
been shown that this mode of origin is reflected in the individual develop- 
ment of the sporangiophore. Lastly, the spike, like so many other parts, 
is liable to fission or chorisis. The numerous sporangiophores of the 
Sphenophyllaies seen in some species probably owe their origin to such 
chorisis. In Ophloghtutm it appears occasionally in common species, such 
as O. miigatum : branching or fission of the spike occurs not uncommonly 
in 0. peitduhan^ but in 0. palmatum it has become habitual, though there 
is reason to think that it is only attained in that species when the plant 
becomes fully mature. The various types of spike in the family thus 
readily lend themselves to interpretation as an upgrade series 

As regards the development of the sporangium the Ophioglossaceae 
form a series, from Ophioghi^Ufii with its large, ill-defined sporangia to 
the larger-leaved Bofrychia and Udffibith<fsi&ihys with smaller and more 
definite sporangia, Xt has been shown that in the indefiniteness of 
limitation of the sporogenous tissue, and in the absence of a marked 
tapetum, Ophiogl&ssum^ Tm^sipUris^ and PsilGium agree more nearly than 
other Pteridophytes. It seems highly improbable that such indefinite 
characters would be the result of specialisation along parallel lines in two 
distinct series- This similarity may more probably be held as indicating 
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5ome degree of real affinityj and strongly confirms the initial comparison 
of the spike with the sporangiophore of the Sphenophy Hales. Lastly, the 
anatomical comparison of the Psilotaceae with the Ophioglossaceae has 
shown not only the interesting transition from the cladosiphonio to the 
phyllosi phonic structure, but also that in the upper region the wood of 
Tmesipteris is mesoxyllc, as it is also in while feeble 

^secondary development^ analogous to that in Ophio^Msum and stronger in 
Bolrychiunt^ is seen both in T^nesipitris and in Pnhium. These several 
■characters form a cumulative body of evidence, confirming the comparison 
of the shoot and of the sporangiophore in the Sphenophyllales with those 
of the Ophioglossales i the nearest approach among living plants being 
between the Psilotaceae and 

It would thus seem probable that the Ophioglossaceae sprang from 
igome offshoot of the sporangiophoric Pterldophytes, allied in some degree 
to the Sphenophyllales, and possessing early a saprophytic habit of the 
underground prothallus, That this encouraged a peculiar specialisation of 
the sporophyte, which shared occasionally, though not generally, in the 
inycorhiKic habit, but not so far as to lead to the cessation of self- 

nutrition. That the exigencies of the underground habit were met by an 
enlargement of the leaves, culminating finally to the monophyllous state. 
A parallel enlargement of the sporangiophore with that of the leaf was a 
natural consequence, since in homosporous forms, as comparison shows, 
the spore-output usually marches with the vegetative development. If this 
were so, then the spike would never in its descent have been anything 
other than it is now normally seen to be, viz. a spore -producing part, 

originally of the nature of a sporangiophore, and seated in a median position 
on the adaxial face of the sporophylh 

Referring in conclusion to the theory of the strobilus, the Ophio- 

glossaceae readily conform to it. The shoot, with its rare dichotomous 

branching, appears as a simple strobilus, while the indeterminate position 
of the root in the embryo bespeaks the accessory nature of that part 
upon it The axis bears leaves, which are of one order only. The 

spore-producing parts appear earlier in the individual life than in any 

other group of Pteridophytes, and this Indicates a probability that all the 

' r wish to sialc tin he explicitly that the homology of the synaiiginiii 

with the Ophioglo^i^accous spike is no new opinion on my pnirt, though adtljihmnl and 

moie detailed evitlence is Itere adduce^! to support it. ti was accepted by me in iK^l 

p. jyoJ and more fully .stated in JS93, on the kisEs of developmetual 
■evidence (/Veff. Ppy. iW., voh hiL, p. 2a) t this view has neve: hcer ivlinqttishe^i. I 
empha&iEe this here because a passage recently published a|>[H;ars to suggest that I tin 
not ujihold lliat homology (Scott, Pfi ffatanioK, p, jdj). My pusilion is 

unchanged, except in so far as I now include the Sphetiophylk-ae al.xo in the comparison: 
the suggestion of this came from Dr* Scott (On Chtir& 5 tri>but^ Phil. vol. clxKxh., 

i8p7, p. and it greatly slrcngthens the conipari^n origin.illy drawn by Celakovsky. 
There may U differences of opinion ns to what mor|>liological rank these pails h^ld, 

how ultimately they came into being t these are, however, separate que^stions from the 
recognition of their homology. 
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leaves were originally fertile. Abortion of the spike, partial or complete^ 
accounts for its occasional absence, just as in Isoetes. These two types^ 
so similar in their embryology, are similar also in the Seiago ” condition 
seen in their stunted slocks* 'rhe one, how-ever, bears a simultaneous 
brush of leaves, the other, for reasons biologically intelligible, tends to the 
monophyllous habit : this difference is only one of time, not of form or 
of relation, and accordingly both types are equally referable to a strobiloid 
origin, with enlargement of the leaf, and of the spore-producSng part which 
it bears. 

As regards factors of increase or decrease in number of sporangia, 
there may be some difference of opinion according to the view taken of 
the family as a whole. In accordance with the conclusion that the 
spore-producing spike illustrates an upgrade of development, there would 
be recognised as factors of increase, sepiation with continued apical 
growth of the spike, its branching and occasional fission: and in the case 
of Nelmifiiho^fachys a further disintegration of sporangia and enaiion of 
sporangiophores. But there is no interpolation of sporangia so cotnmon 
a factor in Ferns, As factors of decrease there appear abortion of the 
whole spike* abortion of sporangia at the apex* and sometimes also at 
points lower on the spike, while a factor to be considered in addition is 
the reduction down to one in number of leaves simultaneously espanded. 
The factors of increase may in this case be held to have successfully 
counterbalanced those of decrease, and the net result is a spore-output 
that appears numerically to meet the requirements of the plants* though 
their ultimate success in propagation is limited by the exacting conditions 
necessary for their germination. 



CHAPTER XXXIL 


FILICALES. 

IXTRODUCTION. 

Of the Pieridophytes only the Ferns now remain to be examinedH They 
constitute a larger and more varied series than any of those which have 
gone before, and are espedaUy prominent among those living at the 
present day. This, together with the fact that in them the observation of 
the complete life-cycle was first carried through, and is of all the 
Pteridophytes most easily followed, has given to them a peculiar position. 
The present day Ferns have undoubtedly been appraised beyond ihdr 
deserts as factors in the story of descent. It will be well at the outset 
to consider bow they stand at the moment in the light of such knowledge 
as we possess of tiie vegetation of the past, and to compare their present 
position with the former estimates. 

We have seen that the recognition of the main incidents of the life- 
cycle in a Leptosporangiate Fern was completed by Suniinski in [S4S, 
and it was found shortly after hy Hofmeister, that the same scheme 
coincided in essentials with that of other Pteridophytes. Further com- 
parison of the organs of propagation* and especially of the sporangia, 
disclosed the facL that those of the Leptosporangiate Ferns were structurally 
the simplest. In accordance with evolutionary views which became 
prevalent about the same time, the general assumption was made that 
the simplest organisms were those which were also earliest in descent* 
and that from them all the more complex were derived. On this founda- 
tion a superstructure of phylogeny was raised. In accordance with these 
views it became necessary to express the large and comj>]es sporangia 
of the Ly copods or Ophioglossaceae in terms of those of the I .eptosporangiaie 
Ferns: this was elTecied through the theory of the sporocyst.^ It was 
held that by fusion of numerous small sporangia* and elimination of their 
individual identity the large sporangia of the Ophioglossaceae were 
produced : by reduction of the whole spite the Lycojiod sporangium ; 

SiraahurgLT* 1873, Ny, 6. 
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and finally by contraction of the whole Lycopod strobilus the synangmm 
of the Psilotaceae. On the other hand, the origin of the simple Lepto- 
fiporangiate sporangium was traced on the theory of Prantl, through the 
H y me no phyllaceae, directly from the Moss-sporogoniiiin ; the sorus of 
Hym^Hol>hylhitn was held to correS[)ond to the opened capsule,^ These 
were doubtless extreme opinions of the timej but they show the position 
assigned to the Leptosporangiate Ferns in the discussions of a generation 
ago. These plants were regarded as the primitive Pteridophytes, and other 
forms as having been derived from thenit while reduction was held to 
liave been a general factor in the process. 

'I’he revolt against this position was Initiated by Campbelh® who 
definitely gave precedence to the Eusporangiate types- Over and above 
the difificulEies of comparison already felt, there loomed large the 
impossibility of ,harmonising a belief in the Leptosporangiate Ferns as 
primitive with the growing knowledge of Palaeophytology. The dearth 
of evidence, even of the existence of true Leptosporangiates comparable 
to those of the present day in Palaeozoic times, was pointed out : at 
the same time the existence of numerous fossils then believed to be 
rightly referred to the Marattiaceous affinity, indicated a priority of the 
Eu.'jporangiate t3'pe. The comparative study of development of the vegeta- 
tive organs and of the sporangium had meanwhile been actively pursued : 
on the basis of such facts it came to be held as probable that the more 
delicate structure seen in the Leptosporangiate Ferns was not itself 
primitive, but resulted from progressive specialisation^ With the adoption 
of such a view the theories of Strasburger and of Prantl fell away, and 
the ground was open for recognising the Eusporangiate type^ whether of 
Ferns or of other Pteridophytes, as of prior existence. 

As a consequence^ the Marattiaceous type of Ferns was believed to 
be the prevalent megaphyllous constituent of the Palaeoioic Flora. The 
sporanglal structure, as well as the construction of the sori in many forms, 
agreed more ot less nearly with that conclusion. The Lycopodiales, 
EquisetaleSi and Sphenophy Hales, however, were held to constitute separate 
Eusporangiate phyla, there being no need to refer them to a Filicineous 
origin. The next step affecting the early history of the Fern-phylum was 
the discovery that certain of those fossils which had been held to be 
true Ferns of the usual homosporous type were In reality Seed- bearing 
PlantSj the male sporangia of which had been taken for the fructifications 
of a homosporous nature. The removal of such forms to the newly con- 
litituted Class of Pteridosperms has perhaps only commenced, and it is 
still impossible to say for certain how many of the fossils bearing like 
fructifications may follow. The question is thus raised* what is the 
residuum of true Ferns that actually remains among the Palaeozoic 

* jOrV Hymtn^phyllaititi^ 1^7 5. 

Jan. 1S90, atid Dec. See also Bower, Ami, 1891,^. 1 * 7 - 

^Amt. 0/ 1889, p. 305, and 1891, p. 157. 
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fossils? It will be shown in detail bdow that at lea!>t three types, which 
may reasonably be held to have been true Ferns, were represented in the 
Primary rocks, viz, the Botryopterideaet the Pecopterids of the group 
CyatMiis of Goeppert,' and also certain forms allied to some of the 
lowest Leptosporangiates, though there is some room for doubt how 
nearly they coincided with these. 

On the question of detailed proof of the homos[joroiJs nature of these 
plants the reply for a given case has been supplied by Scott, He has 
found in the sporangia of Si^uropterh O^dharnkt^ a fossil referred to tlie 
botryopterideae, that the spores may gernnnate within 'the sporangiLinij 
just as they may be found to do in Tode^^ Trichomufies^ and some other 
living homosporous Ferns, This leaves little room for doubt that the 
mode of reproduction of SUiuropierh Oidhamia was essentially tliai of a 
true lerOn^ But it is not to be expected that such evidence will be 
available in every case: nor indeed should It be considered necessary, 
^he fact that such proof is accessible, even in a single instance, comes 
as a wholesome corrective^ to that tendency, which followed on the first 
discovery of Pteridosperms, to regard all Palaeozoic Ferns as potential 
Seed-Plants. The converse will, however, be the more natural position 
for those who view the new facts calmly, viz. to hold all Fern-like fos^sils 
as true Ferns until their character as Pteridosperms is proved. The 
question is mainly one of the .state of advancement reached by any given 
fossil, for it may be presumed that the Pteridosperms sprang ultimately 
from a homosporous Fern- 1 ike ancestry. 'I’he onus proimndi lies with 
those who are disposed to accord to atiy given fossil the more advanced 
position, however readily others will accept the proof as it becomes 
available. On this footing the Pecopterids, as limited above, together 
with the BoEryo])terids, and some others, may for the present be held 
to be Palaeozoic Ferns of the homosporous type, of which the life-history 
was in all probability essentially , the same as that seen in modern 
Ferns. The early existence of homosporous Ferns, which evolutionary 
theory would suggest, or even demand, appears on the basis of Paheo- 
phytological evidence to be beyond any reasonable doubt. But they 
are now recognised as bulking less largely in the early Flora than was 
once believed to be the case. 


According to the arrangement and succession of development of their 
sporangia the homosporous Terns have been divided into three series • 
the Simpiues, in which the sporangia of a soriis are produced sintultancously ; 
the Gradatae, in which there is a definite succession in time and space 
10 their production: and the Mixtae, in which there is a succession in 
lime, but no regular succession in space. These three types appeared 
successively in geological time : the Simplias were the characteristic Ferns 
of the primary rocks, though many of that type still survive : the Mixtae 

>*■ •>■5 Phyl^ogls,, vnl. V.. ,70. 

Studies,^ IV., PhiL Trans,, V'^ol. J92 (1K99), p. 122. 
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are the dominant Ferns of the present day, while the Gradutas take a 
middle place* 1 his succession whl be maintained in the detailed account 
of the several families, and consequeivtiy the description will follow in 
the main, though not in esact detail, the order of appearance gf the 
several families of Homosporons Ferns upon the earth's surface. The 
order in ivhich they will be taken up will be as follows : 




[ Hotryopterideae. 

iVIarauiaceae (together with many Pecopterids). 
Osinundaceae. 

Schizaeaceae [Marsiliaceaej ? 

Gleicheniaceae* 

iMatonineae. 


f 

Gradi^kit - 


Loxsomaceae. 

H y me nophy I laceae. 

l>icksonleae (excluding certain genera)* 
Den n staed ti i nae. 


VCyatheaceae [Salviniaceae] ? 


Mixtac 


^Dennstaedtia-Davallia series, 
Onodea-Woodsia series. 
Matoniadlipieris series. 

LPterideae and other Poly pod iaceae. 


IJOTKVOJ^TERlDEAi:.' 

The organisms grouped under this name occur as Palaeozoic fossils, 
extending upwards to the Permian*® Though they are distinct from 
any other known family of Ferns, still there is no reason to doubt their 
Fern-nature : its recognition is based not only upon the external characters 
of the shoot, with the usual cireJnate vernation of tlie leaves, but also 
upon the anatomical details of axis and leaf, and upon the fact that the 
numerous sporangia are borne upon the distal region of the repeatedly 
pinnate sporophylls. Finally, in Stauropterh Oidhajfiiti Scott has shown 
that the spores possessed the capacity for germination within the 
sporangium, as in some modern Ferns* 

The plants had an erect shoot of radial construction : it was sometimes 
short, with closely aggregated leaves, as in Graniinatopt€rh Rigollofi^ 

■The mfitcrinls for this descriptiun have been derived in the main fron) Renault, 
Bifiiitt HeiHUcr ti d^Auitm li*, p. 35 j > Scoii, p. 277 • 

etc, ; Stt-nzeU Bo/anjcn, iSS^, No. 12; Scou, Bri. Bef., i., p. i?®- 

I have also had the advantagv^ of compaTini; S|>Kimens, chiefly those belunging^ to Mr. 
Kidston. 

= Mr. Kidston has shown me a Botcj-opterld {B. from the Pettieur Beds, 

with axis and leaf bases showing; sliucture, Tliis he regards as probably the earliest 
record of a Bidr^vpfrris,* 
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B.R, {Fig. 269), a condition comparable widi that seen in a incnltan 
Ost^unda ; but ii> other cases the axis was more elongatcdj, and the 
leaf’arrangement less dense, as iti ^ygtipfiris iinxyt^ wliere tficrc is a tvvtji- 
fiTths divergence (Hg- -7®)h tn species of Boiryipfexd^^ u'here the 
leafarrangement appears to have l^eeii more lax siilL From the axis, 
ixhich was often thin in proportion to the more lobusl leaves ^^hich it 
bears, sprat^g also i^iimerous adventitious roots (j'", hig- 270) : these sccm 
to have acted as oblique propdike supports where the axis was elongated. 
In some cases at least axillary buds arise in tlu; axils of the leaves, very 
much as they do in sonte modern Hj'menophyllaceae. 

rhe leaves themselves were repeatedly branched, the pinnae arising 
alternately from the rachis^ and being themselves further branched. 



.yblebiae have been described on the leaves of both liritish and 
Continental specimens, d'he leaves were of a finely divided Split' fxnpk rid 
type j in the sterile leaves the ultimate stgmeins whlened tmt into fun- 
like expansions; in the fertile regioits the segments remuinetl iiurraw, and 
upon the uUinuite branch lets the large^ peai -slui| jed sporangia were tH}rne 
in distully directed tusseh, or in some cases soUiary. 

fortunately t])e internal structure is fairly well known m several distinct 
types of the family, and generic charaeieis have been based upon the 
differences lecognSsed. I he simplest, and for eoni|>aralive pLirposes jiro- 
bahly t!^e mrxst importaiU tjfje, is that shnwm by RiyoiM 

(i ig. 569), where there is in the axis a solid \ylcn>-t'ore, with the smallest 
trueheides at the peri|>hery. Round this is an exiguous pldoem, and a 
broad outer cortex. In ilie latter are embedded luiinerous leaf trace 
bundles on their way mit to the crowded leaves : il^eir structure is simpler 
than itt others of the family, the prominent feature being a strap-slutped 
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\ylem baitd, on its ini^ei and outer faces. These strands branch 

off from tl^e central stele with the minimum of disturbance, after the 
manner of the strobiloid Ptcridop bytes. A similarly simple origin of the 
leaf'trace lias been seen also in species of BQtryi>piei’t$^ in which the stele 
is as little differentiated as in Gi amnmtopferis i there is indeed an entire 
absence of well-marked proto\yiem in the stele of Bo/ry/p^gns. In 
Zygopkris also the origin of the leaf-trace is essentially the same, though 
here the matter is complicated by the curious dinferentiation of the 
sylem of the stele : there is an outer band consisting of larger, scalartform 





Kk:. 270. 

Xytiifttcris Transveririicclioii of hI^Ick ^howiiig anct ifemains of jihl<iein. 

1-5 tSt fivt of th-c 'v’ootl, from wSfch arc given off, in t^rdtr -of ihe 

p>iylli>[ii;r!ji, Mo. s belonging to [bo loiwest of tbt icrici. x, principjiL ring of ; 

.r/, xtn^ll irachtidcs of internal sylem ; sroall irachcidcs at peripnery ; phlMm i 
j'p 0‘f Ji^v^i’ntitious root. m- Will- Coll. U. ^From Sm\l^ 

tracheides, and a central core consisting of parenchyma together with a 
system of smaller tracheidesi both of these contribute to the strand of 
the leaf-trace, which is abs trie ted off from the ray-like projections of the 
canline stele (Pig. 370), A new genus from the lower Coal Measures 
has recently been described by Scott^ which is characterised by radially 
seriated wood, apparently of a secondary character: in other respects it 
had much in common with Zygopkris. This is the first evidence of 
secondary thickening in the Eotryopterideae : the fossil has been named 
B&tty<ht9xyh?i : but as the sporophylls have not yet been described* 
this very allusive name must be understood only to convey the fact that 
it is a Botryopterld showing secondary growth* just as Boiryikiam is an 

''■J&tfrju R, 190^, p+ Si 9 - 
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Ophioglossaceous plant showing secondary thickening. Other axes are 
known^ which are probably of thi!> affiiritj^ such as Aftae/wropfirh, 

and Asierocklotm : they show various modifications of the protostelSc 
stale. From these, as well as from the better known Botryopterideae, it 

is dear that a considerable series of Ferns existed in the Palaeozoic 

period which had a solid protostele, or some slight modification of it ; 

their leaf-traces consisted of a single strand, and were given off without 
those profound disturbances of the cauline system characteristic of the 
“phyllosi phonic^’ type of Jeffrey. 

■ In Grammatopttrh the vascular strand of the petiole was simple in 
outline, as seen in the transverse section. But in other Botryopterids it 
assumed highly complex forms, showing in some cases a tendenc}' to 
radial organisation {Staunjptern) \ it is upon these that generic distinctions 
have been based. It is unnecessary here to follow out the structural 
details : it suffices to state that the relatively bulky petioles ivere cylindrical 
in form, and gave off pinnae laterally ; while the upper regions have in 
some cases been seen to have the circinate vernationj aitd to be covered 
while young by a felt of peculiar hairs, as is the case in the more 

primitive types of modern Ferns, ^ 

'I’he sporangia are known in Botrynpi^rh^ Zygopkrh^ Grammaiopierh^ 
and Stauri^pferisx the latter genus is now recognised as a ntember of 
the Botryopterldeae, and it will be taken first.- Its sporangia have been 
found connected with the petiole known as Rachiopiens Oldhamia^ Will, 
and are borne terminally on the finest branches of the rachis (Fig. 271). 
Their form is nearly spherical : the wall consisted of a superficial lajer of 
larger cells, succeeded internally by several layers of smaller cells: no 
annulus has been observed, and the dehiscence is by a pore at the 
distal end. The spores are numerous : a moderate estimate, based upon 
the sections, would be 500 to 1000 for a single sporangium. It was in 

^Siacy ihif ahovti wis wnutn ihv imblication of Taiisky's Ll-ciuuih un the Ev<p]Mtin]i 
tif ihv Filicine:tn Va^eukv System has commencetl rg07|. He advycaits 

a theory of origiit of ihe leaf in Ferns li)' diffcreTitintion of a. dichEjioinDiLs braHch-systcrti 
lo ccnsiUuU; axis and leaf, and in conneetbn witb it many anatomicai facts 

relalir^; to the Hairy opierideae. It is imptissilde Jierv to review these fads in detaS! : 
it may, however, be SlaLtc] dial there appears lo me la be naihir^f in dicm incon^i^^tvnt 
with ihe leaf having beer throughoui 1 lateral mem tier. If such n lateral memlh^r 
developed la a large size, ii is to lie amicipated lliat ii should asdntititie stnicUt]a]l>- to 
ihe axis in iis lawqr pans, as ii is seert to do ii> the Batryapicrrideae. There is na lu-ed 
lo miauine ihat i[ should retain conslaotly ils daisivuntral character; ihe tendency la radi.iJ 
oi^aniiiatian seen in and same olhurs is interciting, bat not in jtny way 

decisive in the alnience of all evidence hovv ihe leaf actually developed in felauan la iis 
axis in dicse ancient forms. Positively, however, we It now ihai in the nearest hviitg 
relative^i {llymenophyllaceae and Osmundaceae) ihe leaf dues ori^;inale laterally tm (he 
axis. The question will l>e whether surmises based *>n aW-rvatiun af (he mature siruciuie 
in certain imperfectly hnawn fo-ssils are to lake precedence of direct absi.rvaiioiis uf 
devclopmeni in living plants. 

“See Scon, JVntf Phytohght^ 1904, p. rS, 1905, [>. 114, and 1906, ^70, 
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this species that the incipient stages of germination have been observed 
^vitlnn the sporangium, a fact held to show its Fern-nature, while its 
other characters relate it to the Botryopterideae, 

The sporangia have been sticcessfully observed in Zygapieris by Renault 
(Fig. 5 7?). They were borne in groups on the ends of the pinnules, 
and were pear-sl^aped and slightly curved- The stalk, though elongated, 
was fairly robust, and widened gradually into the sporangial head. The 
latter ivas composed of at least two layers of ceils, the inner of which was 



Ktu. 371. 

OMhaifttA^ Binnty. ^ =spgr3.ni(ium an nciirly ninHan atcAchtd 

tcimiLnaUy to an ulcimaLo 'bjianghltL of thie ; j^=;&tomium. ScoEt. Coll., nai;. 

fBspoTaneium in tingontjal section iitLtchod to * ihftrt oiert of a branchlct. Scott. 
Col].» Cb sporangium with w.ill hunt ns beror^. /^paiisaHc tis&iac of 

branchlct. Scctl. CoFt, 23 ig. AH iiguros Xahout (From by Mrs. D. H. 

Scott. I'hc ^pecimenii arc irom Shore, Littlcborough, LAtie^.). 


transient, while the outer remains as the mature sporangial wall This 
is differentiated to form the annulus, which appears as a broad band 
composed of several rows of deep cells, with indurated walls, and ran 
along either side of the sporangium from base to apex ; the remainder 
of the wall is composed of smaller, elongated cells, The mechanical 
annulus thus composed of several rows of cells, forming a broad marginal 
band or hoop, resembles the similar structure seen in the sporangium 
of Angiopttris (see below, pp* 515-16). The spores are numerous : a rough 
estimate from the transverse and longitudinal sections drawn by Renault 
points to an output of 500 to 1000 spores in each full-sized sporangium * 
but there is considerable variation in the dimensions of the sporangia. 



. HOTRVOl*Tia^IDl^:AE 503 

The spores are of appro)itmaidy uniform ske, and the plant appears to 
have been homosporous* 

The sporangia of BoifyQpt^rh foref^sh have also been observed : 
they are of smaller sizet and have the broad annulus on one side only. 
But in other respects they resemble those of /y^opkrhr 



[''m. ZJlr 

T, «f Crtur .MMirrinp iii ;j common |jccticcl (rf). k lo. 3 , tvui.'t 

'J'hv ii|:|H;r Tkfiowik Utt: :LniiulUh < 1 ') in ^nrrfLCi: nith ^|.|lu^ch 

M /\ (il« (ik ^cCItUHr ^ J i CUl Ith rrf nilUnlU''. 

jl., Kcniilt or iiprjT3iiii;i;i in MitiiiMH. Kso, ctinmun ith l]i« fij; li ri-'s. 

fit voinmopi |:Kt]iiiicl« ; whiII ;: AnriLilus; P3ptiup>i {?} : y] Wk 

IJrciinel of iridividy-ni *|iar:inKin™p i iit iJinUilliil e |.ii] JlCc of d-ch ItrLirn*!*.''! All K^iLUtlp. 

( ["'ronp Stoll's AYwrOVf t*i F^siii ^atdny,'^ 

A particularly interesting fruetification attributed to this afVinity is 
that de,scribed as Coryufpt^ris (Kig. 273). Hitherto It is known only 
in the fr>rm of impressions. The leaves were of the Sphcnopteroidt or 
Pecopicroid type, and the j)innylts bore each a single sonis, of five 
to ten sporangiaj grouped round a common centre. 'Die annulus is 
here again a broad lateral band, consisting of several cel I- rows ; as the 
sporangia are grouped in the sorus the annulus of each sporangium is 
in juxtaposition with that of its nest neighbour, a condition not untikc; 
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that of the group of sporaiigia of Zygopkris shown in transverse section, 
which thus appear to constitute a radiate sorus (Figs. 272-^). Whether or 
not this is a constant feature in the latter Fern, it is clear that Cffrympf^rh 
shows a sorus strongly suggestive of the arrangement in the Marattiaceae, 
a comparison already suggested by Scott. ^ 

I he Boiryopterideae have been recognised as a synthetic group, 
combining the characters of several known series of Ferns. 1 ‘he reasons 
for tliis t>pinion are to be found, first in tlieir anatomical structure, and 
secondly in their sporangia. Phougli the leaves were relatively large, 
and much branched, and the petiolar structure often complex, the 
regularly radial a^is remains relatnely small, and its vascular structure 
exceedingly simple. The common occurrence of the undifferentiated 
piotostele is regarded as a primitive character t added to this is the 



A =CiiryiirfteTff A»dr:t! fj/X from Frj^Micnt of a ferlilt 

x^i, Ouiliicr from tlie %VtiiphFitian. P'raEmenl ctf 

r^rtilt pini)?. X 4 . B£5aru<; of che K&mv apmees laierAlly. xaS. fr\ftcr Ztillcr.J 

simple origin of the leaf’trace from it. In both these characters the 
Boiryopterideae compare with the simpler, strobilold Pteridophyta, rather 
than with the more advanced Ferns, The sporangia are clearly of the 
Kusporangiate type, as evidenced by their massive stalk, relatively thick 
wall, broad non-specialised annulus, and the large sporC’OUtput. But 
their arrangement has not usually been recognised as being in definite 
sori ; it is possible, however, that the terminal tassels of sporangia may 
have had some degree of regularity of orientation, such as is certainly 
suggested by Fig. 272-3. A slightly closer grouping of them together, 
coupled with a definite orientation such as that seen in CsrynepieriSi 
leads naturally to the type of sorus prevalent among the Marattiaceae. 
These Ferns diverge, however, very widely from the Boiryopterideae in 
their mature anatomy. It will be seen later that on this point interesting 
comparisons may be drawn between the Botryoptcrideae and the 
Osmundaceae and Hymenophyllaceae, which arc held to be relatively 
primitive groups, while they occur very early in the geological record. 

'Z.r., p. 2^1. 


CHAPTER XXXilJ 


MAKATllACICAi:. 

This family is represented b)' five genera of living liomospurous Ferns, 
viz. Afigi^pUris, ArchaH^iaptiris^ Mtuattla, Damet%, and Kauifus^ui. 1'he 
characters of all the five genera are now v^ell known, so that they forjii 
a sound basis for comparison with the fossils. A number of these, dating 
back to the Palaeozoic period, show strong similarity to the modern 
forms, both as regards anatomy and the characters of the sorus. 1’heir 
existence indicates that the Marattiaceous type has been a verj‘ ancient 
one. The natural course will be first to consider the living iMaratiiaceac : 
we shall then proceed to compare with them their fossil correlatives. 


External Chakacteks, 

] he erect stock m and 

relatively short, massive, and unbranched i it is of the radial type, and 
is entirely covered by the persistent t bases of the crowded leaves 

(Fig, a 74). It continues directly the radial symmetry initiated in the 
embryo, winch is probably a primitive condition. Some species of 
Danaea have also an erect radial shoot {e.g. JX slrnplkifoim : others 
.■show at first an erect position and radial construction, but it passes 
over gradually to an oblique position, with distichous arrangement of 
the leaves (Z), alafa^ I% 275). Kiudfussm, on the other ]>and, is 

strongly dorsiventral, its rhizome showing distinct internodes* and being 
horizontal, while the leaves alternate obliquely on its upper surface 
(Fig. 276). It seems a natural interpretation of the facts to hold that 
in the last named Ferns the primitive radial and erect type of the shoot 
has been relinquished in favour of the derivative creeping habit, ivliich 
goes along with its dimimshed bulk and greater elongatioit: in fact, the 
case is similar to that seen in the Ophioglossaccae, where also in 

ihastitfhys the primitive shoot with its massive slock has given way to a 

more elongated but creeping rhizome. (See Chapter XV'^l.) 



F[LICALKS 


506 

'I'he iirc prc^jiiiicec] in ihe usual atiopetal order, and show^ great 

diversity of outline, though conforming to a common type, ^'he leaf’l^ise 
in al] ChIScs bears stipulai enlargomenis Literacy, which are connected 
across iho adEi\ial face ol the petiole Ijy a transverse commissure (Pig, 276). 
'I'liough these are characteristtc for all the Maratliaceae when mature, 
they are absent from iIr' first, and often from the second leaf of the 
seedling. 'I'hey remain persistent after the upper leaf decays, in close 
relation to the smooth scar which marks its attachment. 



Fn;. 


j4 tic ^ rJc'-vii'r .'i B-hlktic itf ft |7L:inl, rc[l<iCc;cl [C cin-c. 

n^cnliiellt : ^=|3ar[of a piiin;i. nrttiiral xi/c. (From lEiiicr, tii Fj:Ltk[l, 


The upper leaf of the living genera varies considerably. The base 
of the leafstalk, and often the bases of the pinnae also, bear fleshy 
swellings or pulvini : here the stalk breaks on decaj^ leaving a clean scar, 
as above noted, I'he texture of the leaf is usually leathery, but Danaea 
irkhomanoitiis shows a thin and alrnost filmy character of the foliage, 
in obvious adaptation to its moist habitat. The leaf may be simply 
ovale, with marked midrib and acuminate apex, as in D. dmplidfolh 
(Fig, 277): or St may be simply pinnate, as in D. i\hi& (Fig. 7 ^sh 
or Ardumgkpierhz or the pinnation may be repeated, as in Angiopkyk 
(Fig* 274), or Maniilia, In large plants the leaf may in the latter attain a 
high com[)le\ily of branching, while its length may be as much as fifteen 
feetr In K^tdfimia the outline of the leaf differs from all the rest : 
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the long petiole bears five palmately disposed lobes, of broadly lanceolaie 
form, with a general similarity of outline to the leaf of the Horse Chestnut 
(Fig, a7&, d), rhe venations which is simple in other genera, of thu 
Neuropterid, Pecopierid, or Taeniopterid types, is more complex in 
Kaui/ussiaf approaching that of the Dry^taria-iy^^. 

The roots originate internally close beneath the growing point of the 
stem (Fig. 279): in simple cases there may be one root to each leaf, 



JJ5. 

A ^rl:^Jll [hLhH Hji" 1, (AAtr C;iinplH:||,) 


but in Strong plants the roots are more numerous. They take a course 
obliquely downwards through the tissue of the stock, finally issuing as 
robust roots which branch monopodially* 

Among Palaeo;!oic fossils radially constructed stems of greater length, 
but showing strong analogies with the stems of modern Marat tiaeeae, 
have long been known under the name of Cuuiop/eris, when the external 
surface is seen in the form of impressions ; or of J^saronius when the 
internal structure is preserved. Among other points of similarity which 
they show, the roots may be found traversing the cortex of these j>tem.s 
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lit the san^e tt'ay as in or An^w^ fen's. I’heir reference to 

a Marattiaceotis aflinity has been further confirmed by the proof of their 

relations with Pecopterid foliage, bear- 
N ing characteristic fructifications.' Such 

stems were not only of arborescent 
J stature^ but also of considerable thick- 

leaves were in some cases 
•_ ^ ■ \ distichous {Afe^ap/iy/oN), in others 

r ^ tetrastichouSt in others again spiral 
" ? on a more complex plan: the latter 

^ ... A correspond more nearly to the leaf- 

^ arrangement seen In the living genera. 

The general character of such stems 
is suggested by Fig, 2S0. The con- 

DEa?jranini.-i[ic repr'e^tnuiioci tht tnrt of 

rhi.^ojno' of ‘iitc b u-in^s of ; ciusion sccms Clear that certain herri’' 

like plants, of Marattiaceous affinity, 
but of more aborescent habit than the 
living iMarattiaceae, existed in Palaeozoic times, a conclusion which is 
borne out by the study of the leaves and fructifications. 


Fk;. J7&, 

pEa?jrani ni.-i[_ic repr'e^nuiioci tht tnrt of -,t. 
rhi^tunt of A'iwieJ/'ft.'tfi/i. of ; 

= (^'oininEssLirc. (Afttr Owjiiiie. 
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Aj young *|icfrt|)lij.'lS of Dantien i.Till niijtchccl iiJ tht gairttlophyttf/^ 

Xg. fft an spo«>jihy tt of the umt siptciti. C, jirAm*iophi'ie of Ati^epterii tz>t£t» 

4VLiti youn^ 3pOrophy[t. {A, anor Urtbner > C, Kf[tr t'anner, from Cnimpbcll's M&ritr 
and Pems,^ 


The latter in the modern genera are always intra-marginai, on the 
lower surface of the leaf : the sori are distinct, seated each upon a vein. 

^Ztilkr, Sfemerx/ff. (). J2^1h. 
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Pin Hit of I hj? jtfliitTi af ihc MjiiHiJiLTrjte, ;l|| ur clivut (Jifun-iic. A 

ttrif <r(tfiiPff, WnH- ; H= Atvkan^iofUrif Cliri^t anti OitMin. 5 Cm 

/raxi»*tff Sir. ; }i=- ifatiafv JIF. ; E= ilanafa Sni. C, />, K 

ftfler [Jitter ; ^afltrrtik/jic AiiJ ^ilcsenhaft^n. (Fioiii BnjjlerainJ l^rnnll, lyiniiiH'H/nniJ) 


In all of them, except in K^iil/tissia^ and occasionally in Dtimai^ they 
are disposed in a single series on either side of the midrib : they may 
be short and compact, and be seated near to the margin, as in Mar^ifitn 
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tiiid (I'ipf, 2]& A ai’id c) : or they itiay be I’liore extended aiong 

the veins, as in Ardiafighpfem (Fig, : or they may occupy the 

whole space from margin to midrib, as in Oa^mea (Fig, t'jS e). But in 
all these cases the disposition of the sorus is essentially the same, and 
the differences those of detail only. In Kaiti/assttii however, the sori are 
doited over the broad under-snrface without apparent order, a condition 



li'crtk-al k-mgitntUFwl Htction oF the xti7ii» cir,-^ j'ounjr iil.'itii A ^ = ihc 

youngcit lK^ve^ ¥.i[\\ quite covered up !>>' itie s-tipulsA, nl' f^ = stalk of an Linrotdcd leaf 
w'nh ;<lE|Jul?., w* ; T), cv^jry where the on the ha.vb| pnrtiorv?X/t frotn wliach the 

3 flii,r-iialks h^.1-* MpiiFiUtKli c, f, the cofuiAiK^Li of tht in longkiLctinaL iection; 

flw, iv, the T<n>t*r si«?. (Alitr Sachs, from GcEtlntl'i 

which appears widely different from the rest (Fig. 27S d) : but comparison 
of leaves of Dtmaea, and especially of those which are only partially 
fertile, gives the clue to an explanation i for there the normally elongated 
sori are found to show occasional fissions, and the partial sori, with 
circular outline like those of J^aul/ussia. appear isolated upon the enlarged 
leaf-surface (Fig. 2S1 n, jJ, i’). It seems probable that the condition of 
KauZ/ussm was acquired during descent in some such way as this, on the 
gradually broadening leaf. I’he frequent occurrence of sori showing similar 
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fissions in KaHifussia suppovts this view (Fig. 
the apparently aberrant genus may be brought 


will be seen later that this spreading 
of the sori o^'e^ an enlarged leaf- 
surface has its parallels among the 
Leptosporangiate Ferns also. 

The normal anangemenl with 
one row of sori on either side of 
the midrib corresponds to what is 
frequently seen in the fossils w'liicb 
are referred to this affinity ; as 
examples Asterothsca^ Scokeopkris^ 
and Piydwcarpits may be quoted 
(Fig. also Fig. aSS a). In 

all of thesOj though the pinnules 
are smalb the arrangement of the 
sori is on the same plan. Hut 
among the Fern like plants of the 
Palaeozoic age many other arrange- 
ments occur which appear to have 
no near correlative among living 
herns. 


2S1 lower series). I’hus 
into line with the rest. It 



J ^ Lcu' uf A iftmk of n Kvrii friiiiL ili^^ 

Cihll, Ulc CL>rtt:K U'ttfl |j^'l|Lh|:Lr 

,‘^ncl Ik'Ujw [fn: woody cylipudsp 
with S(C.ir;> correspond injT lo (he fyliar SEr.inclN, ,ind 
tlteir icltirulLi: l^lrLE^lcctL lu 

1 ^ a tier ZL'iSlcr^ 


The examples liere chosen from among the fossils are those in which 
there is at present no reason to doubt the homosporous Fern character. 
It Is possible that some of them may ultimately be shown to be Seed- 





h, c tjdkQ'ii'v), Dituiieti Spnlth. ^'=h. fcrlik' pinqp:^ wJtli ppp.i4py Pkijrii»:il hiirp ! (Ik- 

arryw indi^bCc^ ■111 f^ljiiurntalfi^bian \ hy nickrt: ppLiiiitryUh :iL>n4>rtniLl liivkiyip^, result iu); 

■■t irrc^uliiTtv fiifpikiid dtHlributttl over a ^Lki^htly ciiLLrp'td lcLi.F.>'i]Tr:ir:cL 

(tkfjyw}', xorp Af K/thf/itsiia Mluttic^ hltowiitg at ]>jrEijL| nir trjqipptk-K' 

iibitriciian. 


Plants, and the sori to represent groups of pollemsacs. Hut even if they 
were, the structural similarities would remain, and thej' would then only 
strengthen the opinion that the Pteridosperins had an ultimate origin in 
a Fcrndlke ancestry. 
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1 he sorus of the modem Marattiaceae is strictly circumscribeds and 
has no dehnite indusmni : it is trne that certain hairs round Its periphery 
in Afigloph^n^ have been thus described* but they hardly deserve such 
aecognition (Pig. 283 it, d): also in Dannea the tissue of the leaf grows up 
between and partly envelops the sori where they are in close juxtaposition, 
and the growth has been called an indusium, but this use of the term 
is open to question (Fig^ 2S3 k). The sori are all constructed on a plan 
which may be described as radiate, and uniseriate, for a single series of 
sporangia are disposed in a radiate fashion round a central attachment. 
^Vhen the sorus is circular, as in Kaulfusskiy the attachment is at a central 

point : when elongated, as 
in JJanaea^ the attach- 
ment is linear. All the 
sporangia of a sorus ori- 
ginate simultaneously* a 
character which is general 
for the Shnplk^s. The 
sporangia themselves may 
be separate* or united into 
synangia : they are massive, 
with a broad base of in- 
sertion, and each produces 
a large output of spores- 
The dehiscence k in all 
cases by a slit or pore, 
in a median position at 
the distal end, or on the 
oblique inner face of each 
sporangium : there may be differences of the opening mechanism, but the 
plan of dehiscence is the same in them all, 

'rhe structure of the mature sori of the five genera is illustrated in 
Fig, 2S3. Figs* A and e represent the sori of AngiopUris and Maratim : 
the plan of them is clearly the same* the difference being that in the 
former the sporangia are separate, in the latter they are fused into a 
synangium, which is of firm, almost woody texture. Each sporangium in 
either case opens by a slit on the oblique inner face. The question 
will be considered later whether the synanglal condition or that with 
separate sporangia is probably the more primitive: meanwhile* as regards 
the general character of the sorus, these genera may be regarded as central 
types in the family, while the rest of the genera are probably derivative. 
Thus an elongation of the sorus of AngiGpieris^ so that it occupies a 
considerable length of each vein* would give the condition seen in 
ArchangiopUris (Fig. 3S3 c, d). It is probable that this is the correct 





Pui, aSs. 

>f, i*, ZcnU-tv^ from lh<s lower Herniinn. 

■Ir^n&verse s^iL&n of a frrlilc pinnule enlnrjjcd {after f«ukcri. 
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view of its origiri] since its sporangia! structure is close]}' sii^nilai to that 
0/ Angiopicris^ while such elongated sori are absent from the corresponding 
fossil types. A simlJar elongation of a synangial sorus of the Mamttia^ 
t}'pej so as to extend tlie full length of the vein, ^vould gii'c the contiition 
seen in Dafta^a (Fig* 2S3 j, k, or better in Fig. jS6 .a); here also the 
sporangia are disposed as in Alaraflm, but differing in the minor fact 
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HcHil(cr-]J:Ll(«j-. fr.wn Knj{]i:jr.nnt Pranll, 


that the valley between the tows of them is almost levelled up, and the 
sorus thus forms a solid cake. It will be show^n shortly that developinental 
details support the view that such elongation has actually taken place, 
while the fact is worthy of note that the length of the sorus varies greatly 
m different species of And lastly, in Kaui/fissla the syriangial 

association of the sporangia together in the circular sorus is on the plairof 
Manitfia and (Fig. 283 o, h). 'Phe origin of the tunnerous sori 

by fissjon from the /M/mtu-typti as the lamina ex|janded has already been 

2 K 
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suggested, and structurally the sorus itself offers no difficulty (compare 
Figs. 2B3 H and k). It is thus seen that the general type of sorus is 
constant in the family : the chief differences lie in the mode of associa- 
tion of the sporangia, and in the extent and fission of the sori. 

As the development of the individual sporangium has been found to 
be essentially the same in the several genera^ notwithstanding the difference 
that exists between the synangial state and that where the sporangia are 
separate, it will suffice to describe it for one only, and Angi^pUn^i with 
which Archangiopkris shows close similarity, may be selected as being 
the most familian^ At an early stage the sporangia begin to project as 
separate upgrowths; but it is impossible, from a study of superficial sections, 
to detect any regular system of segmentation which is maintained in all 
sporangia ; a comparison of the four sporangia, shown in Fig. 2S4 a in 
surface view froin above, discloses no regular sequence of segmentations, 
and the cel I -groups which will develop into the sporangia appear con- 
sequently ill-defined. Of the sporangia 4, //, i", d, shown, that marked 
{/t) is believed to be the most regular and usual type ; and the cells 
shaded in tl are evidently sister cells, derived from a single parent cell 
which, as shall see, gives rise to the central and essential part of 

the sporangium ; we may call this, as in the other genera, the superficial 
parent cell. If a section ivere taken along a line x — at through such a 
sporangium, after it had grown rnore convex, it would appear as Fig* e, 
in which the cells shaded are believed to correspond to those shaded 
in Fig, 284 A. It becomes apparent from such sections as these that 
a single cell, the central cell, had divided periclinally to form an inner 
cell and a superficial one; the former is the archesporium, and has in 
Fig, S&4 B already divided into two ; the superficial cell has also divided 
repeatedly. Though we may thus select sections so as to represent a 

reasonably regular and typical structure of the young sporangium, it is 
clear, from Fig. 284 a, that what has been described is onlj- a central 
type, and as a matter of fact hardly any two sporangia show exactly the 
same details of segmentation. As development proceeds, growth and 
cell-division often continue with sufficient regularity to allow the genetic 
grouping of the tissues to he dearly followed (Fig. 284 C). Meanwhile, 
certain cells at the apex enlarge to form the crest-like annulus. The 
relation of this to the main lines limiting the product of the superficial 
parent cell is variable; a common case is that shown in the figure, where 
the middle line (^) coincides with the limit of the annulus; but this i& 

by no means constant : from this point (it) downwards, on the central 

side of the sporangium, the dehiscence will take place. The sporogenous 
group is now clearly defined by the character of its protoplasmic body, 
and it forms a definite block of cells, referable to a single parent. Next 
follows the change of the cells immediately surrounding the sporogenous 

J Compare '‘Studies,” iii*> PAtL Tram., where more full derails are fiweu for 

this and other geiiera. 



MARATTIACEAE 


5 I 5 

group, to tile character of tapetum (Fig. 2B4 k), and the rule apjiear^ 
to be that the whole tapetum extra-archesporlai in its origin. The 
figure represents in radial section a sporangium which has arrived at the 
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ul an nlinohi jttaiiirc ^|iijr;irigiuin. All 


Stage of complete division of the sfjorogenous mass, and in which the 
spore mother-cells are about to separate and round themselves off, prior 
to the tetrad-division. 

hrom such sporangia it is possible to compute the average number of 
spore ■mother'Cd Is, and for this purpose a number of countings have been 
made. In radial sections the average of the countings gave 5^, say in 
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round numbers 6o, spore-ni other-cells traversed. Tangential sections show, 
on die average, about six such layers of cells to be present, and the 

average number oT spore-mother cells in each sporangium would thus be 

6i>i6o=j6o, while the average potential output of spores per sporangium 
would be 360x4 — T 440 spores. It may be noted that, in the cases 
observed, all the sporc-m other-cel Is undergo the tetrad -division, and none 
have been seen to be disorganised* though this, doubtless, may occur 
occasionally^ 

Reverting to the tissues outside the sporogenous group, the tapetmn is 
not a strictly defined layer, and is often irregularly doubled by periclinal 
divisions j Imt this is by no means always the case. It remains recognis- 
able as distinct, enlarged, glandular cells, often with several nuclei, up to 
ihc period of the tetrad-division. The ^yall of the sporangium outside the 
tapetum consists of two or more layers, commonly three, of w^hich the 

outermost is the firmest and most differentiated i the inner layers are les^ 

regular* and are composed of more or less tabular cells. I have never 
seen the tapetum in direct juxtaposition with the superficial layer, as it 
has been figured and described by Campbell^ Of the external wall three 
essential parts may he recognised, and they will be best seen in Fig. 2S4 P* 
which represents the apex of the sporangium* cut off in such a plane 
as In Fig. 2S4 e. The first part {a, Fig. 2S4 e) is found on the 

peripheral side of the sporangium* and consists of large turgid cells, 
with moderately thin walls* and granular contents, which stain deeply 
with Bismarck brown. A second region (//) consists of deep prismatic 
cells with thick lignified walls* which may be recognised as the annulus ; 
it extends as a narrow bridge across the apex of the sporangium (Fig. 2S4 o), 
and widens out on either side, as the apex is left, into a broader band 
of cells with lignified walls (Fig. 2B4 f)- The third region (A consists 
of thinner^walled cells, of elongated form* which constitute a narrow 
band running down the anterior (ventral) side of the sporangium. This 
is the tissue which defines the fissure of dehiscence. 

The structure of the sporangial wall being as thus described, we 
may now consider how it works in connection with dehiscence. The 
annulus, together with the two broader lateral extensions of it* constitute 
a firm resistant arch, of which the apex is tlie narrowest part, being 
only about three cells wide (Figs. 2S4 p, e). If the thinner-walled posterior 
region (iJ) were to contract* as we may presume it does by drying as the 
sporangium matures* the two sides would be pulled backwards, while the 
thin bridge of the annulus at the apex would act as a sort of semi-rigid 
hinge; the line of dehiscence on the ventral face* having been structurally 
defined, would thus* on fission* be caused to gape widely. It is not 
probable, however, that this hinge-Uke action is very considerable, and 
the gaping of the slit may be mainly due, as in other Marattiaceae* to 
mere drying up of the cells in the neighbourhood of the rupture. 

^ Fif'nSj p. spy* stud Fig. 164 C. 
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Al maturity the more or less indurated superndul layer of cells of 
the sporani^ial; wall is the most conspicuous partt but the thinner-walled 
cells lying within, though they may shiink, do not entirely disappear. 

The essential parts of the sporangium of and especially 

the archesporium, are thus seen to be referable in typical cases to a 
Single parent cell : this also is the case topically for all the other genera^ 
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Siiiilli- !=a«t5tjn triilii\1.-fAc[y s^^ruh r (111.- 

ctlls ilie m;i,rk«l t.f, -.r); rlji; ItirE-linitLt siiwHini^iuin k iht 

AT raitBcl livlil i>f ^iiLiretjiEH^iii^^UN t]tt other [rt-o less frn]ijt;>nt. j¥ iiiirl f Mt siliul.ir 

Ktckioit iffujful^Lr r^ttrahilc CO & .silkU.Li.- |i:ir4JM(. c^|l. X 300. 

But in Ait^itiplirh and Mijratiia, and notably in Dumi^a^ this is not 
always so, and there is much individual divergence of detail. Not only 
is the segmentation conformable to no strict plan, but the size of the 
sporogenous groups varies greatly, while in non ty|>ical cases it is not 
always possible to refer tlie sporogenous group of one sporangium to a 
single parent cell (hig* 2^5). 'I’hese irregularities are usually associated 
with considerable differences in size of the s[iorangia. [n no genu.s 
does tbiii irregularity appear more pronounced than in JMmu^n : an 
almost eiuict uniformity in size and segmentation of sporangia is so 
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marked a {eaiurc in Kerns at large that these irregularities command the 
greater attention. Fig. 286 a represents a tat^gential section traversing 
three sori in IM/uiCii eUiptka^ of an age prior to the tetrad- division 3 the 
varying siKe of the sporangia is striking, as also their frequent grouping 
in pairs, separated by a thin, or even by a partial septum. Some of 

A B 
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Dttiidfa Smith. DrawififiJi illustrftling partEa] Hcplaticrs rtf ihe 

Ay tAng^ntiiil seciicm through lhr?( ^ti, i^howing the loculi in erfun-l ptan : the sepLi arc 
often thin, srt that pair^ njf lijcnli arc Sn close juKtaposttion ; ihe l&cuti marfcod 
are l.irce, and shovt- ont Or more pAriial sepia, /i,C-y D, Ey _iho\v such loctiLi with 

pnrtirti Si^pta in grtrttcr detail 3 in D and E it is diffiCiiU i* decide whether the cells 
mnriicd will develop ai lapctum or ?.s spore-rnoiher-Htells. s 150. 

these partially septate sporangia are represented more in detail in 
Figs* ^86 n-En From these drawings it is dear that the identity of the 
sporangium is not maintained : that where the initial sporogenous group 
is large, some of its cells may develop as transitory tapetum^ or even as 
permanent cells of septal tissue ; and thus various intermediate steps of 
completion of a septum may be observed. Somewhat similar conditions 
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have been noted a]so in other genera, so ilut does not sUind 

alone; thouf^h ihe demonsi ration is most cTtective in that genus. 

In putting a morpltolugical inlei prciation on these facts it is- to bo 
remembered that the gemis Dummi has ini many of its species very 
long sori com^xirecj with those of Man^fiuu lixternal comparison had 
already suggested an elongation of the t3'pe of the latter genus to jHoduce 
the sorus of Dti/unn. 'I'he internal structure is no’iv seen to be conform- 
able to such i\ progression, for the partial septalions are commonly 
found in those sporangia whicli are larger than the normal : they thus 
appear to have followed upon expansion of the sporangia. I’heir existence 



I- li.. jS;. 

tft'riiiila. I^IFI irf fiuMiLl with lllr' kvau-C-L-Hl n'lCu-r .L 
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herL% as well as oceasioitally in other genera, raises the t|Uestion whether 
or not sefUation lias been effective in the primary production of the 
sorus t this will be coi^sidered again later. 

'Ihe synangiul sori tiiffer from those with separate sporangia in the 
meehanisni which acctmipanies deiuscence, chougli; the dehiscence itself is 
uniformly hy a radial slit, dive annulus re[>resented in hy a 

hroad induraied band nr hoop^ is absent l dearly It would be useless iiv 
a synanglmn^ for it could not possibly be cfTcclive unless the sporangium 
were free from mutual relations with others. In Kukijitiutt and i.huumi 
the radial slit of eadi siiotHingium may widen ns the neighbouring cells 
dry up, to form an almost circular pore. In Muraftiti ilvere is in addition 
to this a change of form of the w hole sorus at maturity : Its two sides, 
originally in close juxtaposition so that the distal ends of their sp<irangia 
almost touched, move apart like the opening of a book. ]n fkimun 
and Mitraifhi the whole external wall of the sjrnangium is composed of 
deep iiKlurated cells; the condition of Angiapi^ris appears accordingly 




lion of this, by localisation of the sclerotic thickening 
op-likc band, vihile the remaining walls are thin, 
that the sporangia of the living Marattiaceae conform 
iglc type : but that that type is less definite in Its 
than is the case in other Ferns: and this goes along 

with their larger size, and the 
high output of spores, which is 
its natural concomitant, For 
on computation in round num- 
bers, the sum of the spores 
p potentially present in a spor- 
angium of An^i&plerh is about 
1450: of Damim about 1750; 
of Maraiha about 3500 : and 
of Kauifussm about 7S50. It 
is thus seen that the synangtal 
forms have the largest number. 
This, with various other con- 
siderations, win have w'eight 
in the discussion ivhether the 
state w'ith synangia or that w'ilh 
separate sporangia is probably 
the more primitive, 

' Passing now to the fossil 

Ferns having fructifications 
\ which may be ascribed to a 
/ Marattiaccous affinity, many of 
them had foliage of the Pecop- 
terld-type (Fig. 287), though this 
in itself cannot be held as any 
clear indication of relationship : 
it is the soral structure :vhich is 
distinctive. A few of the best 

■ano ^ 

known examples will be de- 

of ^ ^ , 

ff/ scribed, with a view to their 
comparison with the fructifica- 
tions of the living Marattiaceae. 
One of the most striking is Fiy^hij^arpH^ {FewpUris) unitnA here, on the 
lower surface of the pinnules of a Pecopterid leaf, the sori are disposed 
on either side of the midrib: each Is a solid synangium, composed of 
about seven sporangia united upon a common receptacle^ Each synangium 
is attached by a short and narrow pedicel, so that It may be removed 
bodily* and the synangia are frequently found lying free. The form is 
that of a truncated conej with a slight terminal dimple. The sporangia 

' R^naulE, H&tiiUtr d'AtttuiK ii. , p, 9, 


Piyehieitrpus uiiiitts, FructifitftlfiJi'i- >1, p^srtofa 
piiifiulc (]OT*'eSf !itiffac*y showinfl iiuin«ir*Lis syn.mgif 
syiiaiieia 5ii $.id <2 view, auJ t x atoui {After C 
Kury.) C, a. synangium in js^ciion par.'rllcl^ to ihc surf 
tht Itaf, seven t^nfluent hporangi-a. tty bum 

n!)C«piac1«: A, its partnthytna ; f, tapetum ; d 
comtidan envciopif of synnofiiiiiir x flbotU I 

Renault.) Front irr Borjti 
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are surrounded by a lather delicaEc cotnn^on ivatl, about four layers nf 
cells in thickness, of uniform structure, and without trace of any annulus. 
Centrally there is a vascular strand connected with the system of the 
leaf. I’he dehiscence appears to have been by terminal pores. 'J’he 
number of spores in a single S[>t>rangium was very large: tff Judge from 
Renault’s detailed drawings it was probably e(]ual to the output of the 
modern Kaui/ussta (Fig, jSS). It is evident that the correspondence with 
this genus was very close indeed : the plan of the sorus is the same : 
its form also, for the tern:tinal deprcssioti in KiUe/fassia is often less 
marked than is represented in the drawings usual!)' tjuoted, Tlie two 
arc alike also in the thin parenchymatous tissue of the sporangial wall : 
in the absence of any indurated annulus, and in the presence of a 
vascular connection, which 1 have shown to extend in Kau/fitsua aiso^ 
upwards into the receptacle : ^ though it is not so long or so colierent 
a strand in the living Fern as in the fossil. The differences are of degree 
only, and the similarities are most coiuhncing.- 

Anoiher genus which conforms in type of its fructification to modern 
Marattiaceae is I’his genus includes plants with sessile or 

shortly pedunculate sori, of three to six sporangia: they are united 
below, but separate above, and extended into a more or less elongated 
beak (Fig. 2S9 d). The Marattiaceous characters of this fructification 
are unmistakable, and It has been pointed out by Strasburger^ that 
ScoUctipkrh Zenk, shows feature.^ connecting it with Ajunuihi as 

regards the form of the sporangia, and with K^uifussia in their circular 
disposition in the sorus, while the outline of their upper free portion 
would point to Angiuptens : in dehiscence it compares with all three, 
but es|>ecially with Marattia, In fact it is a tyi)e which unites in itself 
characters of various living genera, It may be noted that the number 
of sporangia in the sorus of Scdecopierh h small and variable, but tliat 
four and five seem to be the most frei|uent numbers, 

A genus of very early occurrence, u,nd bearing sori of similar 
character is : here the three to eight si^orangia are in close 

apposition while young almost up to the a|>ex, hut they separate 
and diverge radially when mature : the jjeripheral wall is strongly 
convex, and shows no annulus : the mode of dehiscence ivas by radial 
slits 2B9 k). 

iii,, k'iy. 42, p. 46. 

®Mr. L>, M. S. Watsfjn {/ifuni. A'. Sor.^ 1906, 1} has dii^critii-il :i I cm" 

synaii^iutu from ilie Lowor Coal Measures, null Inii tk-Liclivd ffum the imi 

which Imru Su It rusL-mljlusi Piyeh&iarpHs uakm in itn. ?,i[Ut, bui diflur?; in iu 

more ekmgaied form, iis lu>lloW(.-ti anti in the v;iiM;u][rr sLL|j3>ly Ijuinj.; iviVlenijd into 

ft cu|> uf tmcheiclesi in lliuvu; latter cbamclers it rt-iieiiililcii h'ituij'tnsia. TJiere is ntt 
vvidenee to show whether h waM irnlj Filicinuan or Cyca<lortfitineiin. Ii is nttnK-U 
Cyath^irachits 

^Jinaitihe Zeihfhrtfiy 1874 , 87 , 
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As a example may be mentioned, which ts also of 

very early occurrence. Here the sorus is of the circular form, as before : 

the sporangia are sessile and 
elon s^a led 'O void in form, and radi- 
ate outwards from the centre of 
attachment, so that the slit of 
dehiscence on the inner side is 
directed upwards, and the spor- 
angium when open has the form 
of a boat {Fig. 2S9 b), Stur de- 
scribes a rudimentary apical annulus 
in these sporangia, but it is not 
clearly shown in his figures. The 
sorus of appears most 

nearly comparable to that of the 
modern Angiophris^ but this com- 
parison would be accepted with 
greater confidence if the micro- 
scopic details were better known 
by a stud}^ of sections. 

Lastly, under the name of 
Danaeites certain Ferns have been 
described, which, so far as can be 
judged from the study of im- 
pressions, conform to the 
type of sorus (Fig. 3go)H It may 
be a question whether the rela^ 
tion of the sporangia together, and 
the mode of their dehiscence were 
exactly as in the modern Dtiftatiif 
but at least the plants appear to 
have been Marattiaceous, and to 
have had elongated sori* They 
come from the Coal Measures, 
Keuper, and Lias, 

Having regard to the fact that 
the comparisons above sketched 
do not relate to one or two, but 
to several different genera, it 
appears that there is ample evi- 
dence of the early existence of the 
Marattiaceous type. It would in fact be difficult to find clearer evidence 
of affinity . between a recent and a fossil group of plants, while, as we shall 

^ Mr* KEdstott suggests to me ihat As^erv/A^a is really identical with HawUa^ the 
ippareni tlifference being due to conditions of preservation. 
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Ofiffvearpia sho-winji poJHton of ihe few- 

momber«l circular sori iJrt (ho nerves of the pinnolo. 

Brongn:^ to the left a 
pinituio showing the position cf the soii in transverse 
it^Clion ( to the right a Li:>n£itu.d.inal sect lor of a sorus 
in which the jporangia are united below mCoa columnar 
»ioep[ac]e. i£=Ailef'^tA<c^ \ (o the teB (be 

pinnule with sori to the rl^ht a $.i4e view of a SOrus, 
and a sorus in rwdial sfect-tou. 1} and E dia^ani- 
Fnaticalliy rcpreacmed. (All figures after Stur. From 
Solmf-Laubncb’s Fatsii Botatty.} 
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the comparison is confirmed by reference lo the petrified stems known 
as This consideration wiil justify oiir drawing together the 

modern and the fossil forms into a comparison with a view to tracing 
probable phyletic changes in the structure of the sorus, and a recognition 
of an original type.^ The definitely circumscribed sortis appears to be 
a characteristic of the Maraitlaceaej both ancient and modern. tie form 
of the sorus varied from circular to elongated, both in the fossils and in 
living forms: there is no distinctive strati graphical evidence to show which 
type was the prior, but in the majority of the early fossils the sorus is 
circular, with a small number of 
sporangia. Further, the Pecop^ 
terid is a relatively narrowdeaved 
type, w'bile the leaves of Batta^u 
and Kaui/ussiii are broad : if a 
widening of the leaf took place, 
followed by extension of the 
sorus, the result would be as in 
Danaea or D<jti<idks\ if abstric- 
tioii of the elongated sori follow-ed 
also, the result would be as in 
Kaulftisua. I’he evidence of the 
partial septa in Dafuua, and the irregularity of si/e and segmentation of 
the .sporangia throughout the family, accords with the suggested extension 
of an originally circular sorus with few loculi to produce the more or 
less elongated sori of the living forms with more numerous loculi. 

A further point for discussion is the original relation of the sporangia 
to one another in the sorus. Among both ancient and modern Marattiaceae 
various gradations may be seen between such as have their sporangia 
quite separate, and those In which they are synangially united. On this 
point the palaeontological evidence would be consistent with either view, 
for neither the synangial nor the polysporangiate state is distinctly the 
prior m stratigraphical sequence. It becomes thus a jiuesiion of comparison, 
rather than of demonstration. As a m|tier of fact^ ijll^ Marattiaceous sori 
are syuangia in the fust phases of tl^tr pntogeny ! manj of them remain 
so to maturity. It is only as the ^t^ltluar developtnenft |>roceeds that 
the sporangia project as individual Jii^owths ;in such’^ii'^se as that of 
Anxhpitrh. So far then as individSh^evelopi^^t bears'^&^he <iueslion, 
it would indicate the synangial stateis-njhe morc^jrimitive.^^a.sons have 
already been shown for holding th^ ^progressive septatioi^com panics 
the extension of the sorus in the tj^sj^f : a similC^ptation of 

an enlarging initial spore-sac would ^c|iuce theVype of Keen, for 

instance, in PiyAwcarpus. Such an or^v^'Ould cAsist^itlf back to 
an initial point tliat process of septati^^tflf^ch is Ven if^?eflreetlve in 
Danaea, From the synangial state thus thSpqly^ll^ngiate state 

mom full siatcmLin of ihc ArgurntnU h l>. (^>7 77- 
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of Hawicix or would readily result from individual growth of 

the sporangia already initiated. This seems more probable than a Fusion 
of sporangia originally separate^ of which there is no structural evidence in 
the synangia themselves. 

An indirect argument that the synangium was the primitive type U to 
be found in comparison of the spore^output. It is much larger from the 
single sporangium of the synangial types, such as Kauifassia or Ftycho^xrpui^ 
than from the separate sporangia^ such as An^i&pkris. It will be shewn 
below that in the Ferns at large a progressive reduction of spote-oulput 
from the single sporangium has accompanied specialisation. If the experience 
from comparison of other Ferns hold good for the iMarattiaceae, then the 
larger output per sporangium in the synangial types would show them to 
be the more primitive, while the polysporangiate type with its smaller 
output would be the more advanced* The question is one incapable of 
present demon st rat ion^ but the comparative and developmental evidence 
supports the view as stated here. 

In conclusion^ it is impossible to avoid the comparison of the Maraltf- 
aceous sorus with the sporangiophores of other Pteridophytes ; the vascular 
stalk or receptacle, the arrangement of the sporangia upon it, the relations 
of the sporangia, their radial dehiscence — all find their correlatives else- 
where. The chief differences are in the number of the sori, and their 
position relative to the parts of the shoot which bear them. But in 
vievy of the various positions which the sporangiophores hold in the 
strobiloid Pteridophyta this cannot be held as invalidating the comparison 
of them with these primitive sori. It may be that the similarity is a 
result of parallel development ; but if that be so, it would still appear 
probable that the evolutionary progressions which produced them were 
of a like kind. It will probably be objected that many of the early Ferns 
show' isolated sporangia of large size, and that this precludes any general 
application of a primitive soral state for Ferns of the Palaeozoic Period. 
In reply to this^ it may be remarked that the genus SphenophyUi4m illustrates 
how a "^monangkr* condition may probably arise from an originally soral 
state. The sporangiophores with four or more sporangia are seen m 
ChiirostrQbii% and in .S'. majtts\ and smaller numbers in other species 
lead to the solitary sporangium of S. Daws&fii (see p. 425)- A reduction 
of like nature is seen in the sori of Gleicheniaceae, and may probably 
explain also the solitary sporangia of the Schizaeaceae, as indicated by 
PrantL Sefiftenbirgia is itself an early example (Fig* aSg a). I’hese early 
forms must be given full consideration in elucidating the Fossils : they 
indicate the probability that in early Pteridophytes a monangial state 
may have been derived from a polysporangiate sorus or sporangiophore. 

• Anatomy. 

The vascular system of the shoot in certain of the Marattiaceae is 
well known to be among the most complicated of all the Pteridophytes. 
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It will be uiinecessary to describe it in detail! here : oiir obicci will be 
rather to bring it into relation with the less complex systems of other 
Ferns, and with the cognate fossilsn This is most readil)' done by referei^ce 
to the seedling-structure, and to those genera which are less contplkated 
in their mature state ; for there is considerable variety of complexity in 
the different living genera of the family. It is found that Katfi/ifUSitt and 
Ar^haft^^iopieris are relatively simple, while is the most 

complicated of all, Maratlia and 
taking a middle position. 

In the seedlings of them all the axis 
is traversed by a monostele * in Dafmea 
simpiid/oiia it has a solid xylem-corOt 
which is maintained till several leahtraces 
have been given off from it, naturally 
without any leaf-gap A it then becomes 
crescentict and expands into a dictyostele 
with leafgapSj while a central strand or 
commissure arises from tlie concavity of the 
dictyostele, and pursues an upward course 
with occasional fusions at the successive 
leafgaps.'^ The same type of structure is 
closely followed in the mature stem of 
Archangiopitrhp thotJgh on a simpler scale ; 
in fact, this stem still retains at maturity a 
stage rapidly jjassed through hy the young 
plants of other more complex genera. A 
similar vascular systeitij consisting of a 
cylindrical dictyostele, with normally a 
single central strand* is found also in the 
mature axis of Knuifuisia ; but it is dorsi- 
ventral, and rather more elongated between 

the leaf-gaps, in accordance with its creeping habit.^ In A}i^h>pkns aiid 
Mamilia the final structure Is more complex, though the initial steps are 
similar. There is in their seedlings also a solid protostele ^ in the central 
part of its xylem-core certain cell-rows cease to dilTereuliate as tracheides, 
but give rise to a parenchymatous pith : the siplumosicle lints formed 
becomes broken up by leaf-gaps, thus giving rise to a dictyostelio cylinder '^ 
<ng. 291 ). Subsequently, as the stem passes to maturity, there arise 
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^ liut Jeffrey \PhU. yiraMJ., 18912, li, vi]l. cicv., |>. 130, tlc.l stalcfi lliat in si;vcrril 
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’Urehner, Ann^ ^ xvi. , p. 524^ 
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within the cylinder of A„giophrn three oi- four crescentic-meshed zones 
of yaaculai tissue, and it has been stated that there is here again a 

single central strand.' MaraHiu resembles Angieptaris, but does not obtain 

KO JiigEi complexity. 

As regards the attachment of the appendages, the vascular supply to the 
mature leaves originates as many distinct strands from the dictyostele; this 
IS obvious enough in the simpler cases, but it appears to hold also for the 
more complex: here the leaf-trace Is staled to spring from the outermost 
ione on y, I he roots, on the other hand, originate even In the simpler 
lorms, m close relation to the central strand, while in the more complex 

they mostly spring from various points in the interna! system, but some 

also from the outer 


It JS thus seen that the ontogeny opens m all cases with a monostclic 
state, ivith a solid xylem^core. This gives a basis for comparison with 
01 ler types of tern, where the monostele is permanent. It is in the 
^ter phases of the individual life that the complications arise, and it will 
Q recognised that these vary in rough proportion to the size and complexity 
of the whole shoot, and are most complex in the large plants of 


Comparing the structure of the fossil Maiattiaeeous stems with that 
of the^ living genera there are marked di/TerenceSj though the points of 
similarity suffice to indicate a true relationship. The casts show on their 
smooth leaf'Scars that the leaf-trace w^as habitually a continuous vascular 
band (Fig, ?8o), while that of all the modern Marattiaceae is composed of 
numerous independent strands : the latter are, however, disposed in series* 
of which the outermost corresponds in outline to one of those continuous 
bands, as tliiough it had been broken up. 'Phis greater coherence of 
the vascular tracts k characteristic also of the stem of I'sarffmtiS: for the 
Centre of these fossils is occupied by numerous broad band-like plates* 
disposed in concentric series, which show differences in relation to the 
phyliotaxis. 1 bese series of vascular plates are doubtless the correlatives 
of the meshed zones seen in the mature stems of AftgiopteriSj the former 
being disintegrated in the modern Ferns, in conformity with the disintegrated 
leaf-traces with winch they are connected.^ 


^ MctieniuA, KvingL Ges. ti. vi.; Utiss Shove, Ann. &f BsL, 

xhv, p. 497. 

^ It is inlere^iting' ici cciinpA.re this disintvgrfLtium of vascular strands KCJ' in the mioderii 
MaraUiaceae while the rtlalcd fossils shoiv counseled vasculai' hands, withrLlie araloEOTfs- 
Men in other Ferns. It will he showia below' that most ol' the Simplkes have a 
single vascular hand of the leaf- trace* while the larger Gradatae have a leaf-trace composed 
of many smaller strands. A parallel is also swn in ihe Ophioglossaceae t it has 
shown that in which is held to be the more primitive section of the 

genus, the leaf-trace is a single broad strand : in OpMedtrma^ which is held to comprise 
derivative forms, the leaf-trace consists of several distinct strands. It seems probable 
that a progressive disintegration of a priiwitively simple ieoT-trace has been a w'ide-sprijad 
phenomenon in th* evolution of large-leaved types. 
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The cortex whicli surrounds the central region in tlie fossil siems 
traversed by large numbers of dowmvard-g rowing roots, having character 
Marattiaceous structure : the cortex with its contained roots was often 
distended to great bulk^ while outside it a mass of densely woven roots 
is sometimes seen. It seems probable that these specimens represent 
the basal region of arborescent stems, which, though greater in stature 
than the living forins, were Marattiaceous in their characters. Not only 
is this so as regards general structure, but also in the details of the tissues, 
into which, however, it is impossible to enter fully here;' the recognition 
of their affinity with the modern Marattiaceae is thus further confirmed. 

Emiikvologv. 

The embryology of the Marattiaceae shows features distinct from that 
of other Ferns. The prothallus is of the normal flattened Fern-type, 
though of larger size and more massive 
construction. The sexual organs are 
borne on its under side, and are deeply 
sunk in its tissue, not projecting from its 
surface^ as in the Leptosporangiates. 

The first segmentation of the zygote is 
by a basal wall transverse to the axis 
of the archegonium* whereas in most 
Ferns it is nearly coincident with it 
{d, Fig. 292 a). The basal wall is 
followed by segmentation into octants, 
and the relation of the parts of the 
embryo to these is essentially similar to 
what is seen in other Ferns : the epibasal 
hemisphere, here turned away from the 
archegonial neck, forms the cotyledon 
and the apex of the stem t the hypobasal 
hemisphere contributes the root and 
foot (Fig, 292 a), Kut here the segmen- 
tation proceeds further before the several 
parts are defined than is the case in the 
Leptosporangiate Ferns (Figs, 29211), and 
especially the foot is not clearly limited 
at first, nor does it develop later to any considerable sii^e. The 
cotyledon and the axis grow" directly upwards, surrounded by protliallia] 
tissue forming a calyptra, which projects upon the upper surface of the 
prothallus : this is finally ruptured, and the cotyledon emerges upwards. 
Meanwhile the root developing from the hypo basal half emerges downwards, 
and the prothallus is thus transfixed by the young sporophyte (Fig, 277). 

' Uudolph, PjatufitVfti nfiil Wivn, 19^5. 
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Ihtj late definition of tl^e parts of the embryo is in accord with the 
indefiniteness of the apical segmentation of these Ferns. There are sente 
though inconstant signs of a single initial cell in the apex of root and stem of 
the embryo i but the apices of the mature parts of the MarattiaceaCf whether 
axist leaf, or rootT show as a rule a more complex structure, three or 
more commonly four initial cells being recognised. This arrangement of 
the meristenis is in accord also with the Eusporangiate character of these 
Ferns. Many years ago ^ I showed that a parallelism exists in the Filicales 
between their sporangial origin and the iiieristems of ail the vegetative parts; 
that in the Leptosporangiate Ferns, where the whole sporangium originates 
from a single parent cell, the apical meristems of stem, leaf^ and root are 
referable also to the segmentation of a single initial cell ; but that in the 
Eusporangiate Marattiaceae the apical meristems are more complex^ with 
no single initial. With this goes also the deeply sunk character of the 
sexual organs on the prothallus. Thus the general conclusion must be 
that in all its parts the Marattiaceous type differs from the Leptosporangiate 
type in its greater robustness of construction. 

'Fhe account given in the preceding pages includes facts which show 
good reason for holding to the early existence of plants of a ilaratlf 
aceous type. Not only does this follow from the detailed comparison of 
Pecopterid‘SOri with those of the living Marattiaceae* but also from the 
structure of the From evidence of comparative structure 

and association it appears certain that the /^rflwxjwj'Steins bore the foliage 
of Peiiopterh of the same nature as the leaves on which various synangic 
fructifications have been foundn Thus we have to do with a group of 
Palaeozoic fossil-plants showing affinity with the Marattiaceae alike in their 
anatomical structure and in their reproductive organs. But certain fructi- 
fications previously classed as Marattiaceous have lately been shown to be 
the pollen -apparatus of ^permophytes* Crossothtca and {Dkk- 

soniles) PIuckeneiL Considering the anatomical evidence* however* it seems 
impossible to doubt that Palaeozoic Marattiaceae actually existed* for the 
of stem is altogether Fern-like in structure, and presents 
none of those anatomical Features by which the Cycadofilices were recog- 
nised long before the evidence of fructification led to the foundation of 
the class Fieri dospermeae. For the present* therefore, we must continue 
to accept the existence of a certain number of Marattiaceous Ferns* 
especially in the later Carboniferous and Perm i an periods, though we may 
not always be able to distinguish their fructifications from the pollen- 
bearing organs of Ferndike Seed-Plants. It seems not improbable that 
Marattiaceae and Pteridospermeae may have owed their synangic fructi- 
fications to some common descent from a primitive group of Filicales in 
which that character had already appeared/^ 

^ Jinn, of iSSg, vol. iiL, p. 305. 

^This psiragraph is taken almosi verbally from ScoU* positioii of PalaeosO'c 

Botany,” Progresstts Ret Eeiitnuae^ pp- 187-189. 
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Tlie shoot of the Maraiiiuceae, as a whole, being of a usual Fern-type, 
it will be considered in relation to the theory of the strobilus at the con- 
clusion of the FilScales. Meanwhile a comparison of the characters of the 
known representatives, modern and fossil, may be made, and this not 
only of the matiire structure, but also of the details seen in the seedlings 
of the living forms. Such a comparison gives some foundation for an 
opinion as to the nature of the stock from which the family may have 
sprung. In the first place it had an upright, radially constructed shoot, as 
indicated by the fact that no dorsiventral fossil stem of this aftiriity has 
been described, while those which cNist among the living genera are probably 
derivative; moreover the embryos are all upright, and radially constructed. 
Presumably it had a proiostelic structure of the as:is, as indicaied by the 
simple anatomy of the young seedlings of the living genera. From this pro- 
tostele sprang the leaf-traces, at first without leaf-gaps, as is still seen in some 
living seedlings: the formation of leaf-gaps probably followed early as the stele 
dilated and became medullated. Each leaf-trace itself was a single strand, 
as is seen in the fossils even in the mature shoot, but only in the seedlings 
of the living genera : this would suggest some simple form of leaf in the 
ultimate parentage. 'Fhe arrangen^ent of the leaves was on a radial plai^ 
but was probably simpler than in the living forms : this is indicated by the 
occurrence of early fossils with regular orihosiichies of leaves. The root' 
system was endogenous, and after travelling the cortev w-ith a more or 
less lengthy course, the roots emerged at the surface, forming sometimes 
a supporting external felt. The arrangement of the sori on the leaf was 
on the plan of a simple row on either side of the midrib, and the form of 
the sorus circular. The relation of the sporangia w'as probably synangial, 
and their number in each sorus small, or liable to be reduced to a solitary 
one. The individual sporangia were large, the spore-output numerous* and 
the mechanism of dehiscence simple, or altogether absent. 

These characters, which comparison would indicate as those of the 
Marattiaceous ancestry, show^ convergence in many poitits of form and 
structure towards the apparently distinct series of the boiryopterideae. As 
regards the reproductive organs also, it is to be remembered that certain 
Kerns referred to a nearer relation with the JJotryopterideae have a more 
or less pronounced grouping of the sporangia into sori : this is suggested 
in ZygQptfris itself (Fig. 272), and it is a marked feature in Corymphris 
273)' Thus the two families are not absolutely distinct even In this 
respect. It is protjable that they represent divergent branches from some 
common primitive stock.* 


* As rebtion lo Pleridos|x.'rmH, aw Kidshin, PAf 7 . 1906. 
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OSMUNDACE.-^IJ, 

The Osmundaceae are represented by the living genera Osmanda and 
Todea^ while certain species of the latter are sometimes separated under 
the generic name of LeptopMris. The number of species is ten. d'he order 
is of wide geographical distribution! but outside the limits of the icecap 
of the glacial period. The plants are ail perennial, with an upright, but 
usually short stock, which bifurcates occasionally. The axis is covered by 
the persistent and winged bases of the leaves, which are disposed upon 
it in a dense spiral. The attachment to the soil is maintained by numerous 
stout and darkly-coloured roots, which originate in close relation to the 
leaf-bases. The leaves expanded in the current year form together a shuttle- 
cock-shapcd group, the outermost of which are often sterile, and the inner 
fertile ; but some of the leaves never attain full development, their lamina 
being abortive : these lie at the outside of the winter bud, and their basal, 
region, which remains persistent, acts as a scale-like protection to those 
within. The leaves show the usual circinate vernation, and ate covered 
while young by mucilage-secreting haiTS, which take the place of ramenta. 
rhese hairs fall off as the leaf expands, leaving a smooth surface. The 
leaves themselves are singly or doubly pinnate. In T^dea there is no 
marked difference between the fertile and the sterile regions, but in 
Osmunda the sporangia are localised on various parts of the leaf, which 
then show a considerably smaller expansion of surface (Fig. 293). There 
is a difference of texture of the leaves which has given the basis for the 
recognition of the third genus, Ltptopterh : while Osmunda and T&d^^ 
bdrbara have leaves of a leathery character, those species from Australasia 
and the South Sea Islands which are grouped under Leptopteris show a more 
or less thin and pellucid structure of the pinnules, an approach to the 
filmy ” character seen in the Hymenophyllaceae. It is, however, a question 
whether this difference deserves generic recognition* It is probably a 
relatively direct and recent adaptation to life under conditions of excessive 
moisture. The leaves of Ferns are typically winged structures throughout 
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their length : ' in the upper regions this is more obvious than in the lower, 
where modifications of reduction and of special development are seen. 


" “ iiTiii up utHfttHiTif j H &I1J. Jflf BL you HK plant C n 
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In the Osmmidaceae this results in the formation of the broad protective 
leaf-base. In Osmi/n^ffl the wings are traceable as continuous down to the 

^ Stie /Vo4 7>a/ts.j jj. 
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flattened expansion: and developmentally it is found that this arises by 
transverse growth of the superficial tissues, especially at the wings them' 
selves. The result in Osmunds is a mere flattened leaf-base; but in 

the development extends also as a 



transverse commissure across the adaxial 
face of the leaf stalk. This development, 
so exceptional in Ferns, may be compared 
with the stipular development in the 
Marattiaceae, which is also extended as 
a commissure across the leafstalk. The 
two cases, though differing in detail, appear 
alike in morphological nature. 

I'he sporangia of Todea are borne 
only on the under surface of the leaves, 
but in Osmunda they are inserted in- 
differently on both sides of the much' 
contracted part, so tliat at maturity it 
appears to be completely covered by them. 
'There is no protective indusium. The 
sporangia themselves are relatively large, 
of peardike form, and thick-stalked. They 
consist at maturity of a ?:ingle layer of 
cells forming the wall, but with a fe^v 
Tabular cells within ; a group of polyg^b 
thick-walled cells in a lateral position, 
but nearer the distal end, is recognised 
as the annulus : it is related to the slit 
of dehiscence so that the latter passes 
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Fructifications w-Hth unmistakable Osmundaceous characters have been 
traced back to the Jtirassic period- Several species^ referred by Raciborski 
even to the genera Osffia/i^a and Tod^a, have been founds bearing sporartgia 
having the characteristic distribution, form, and structure. But, as Raci- 
borski remarks,' they are there so highly differentiated that their origin 
probably dales back earlier still. I have myself pointed out that certain 
sporangia even from the Coal period show a detailed correspondence 
of section with those of Tbdi'/t,^ ^\'ithout wishing to urge this similarity 
too far, such comparisons of the propagative organs suggest an early 
origin of the Osmundaceous slock, which is fully borne out by the eKisience 
of stems, with structure, having characters both externa] and internal 
comparable with those of the Osmundaceae. Such are the stems described 
from external characters as CMt/Ur/s by von Fichwald {Lethaea Rossica), 
from the Penman ; while these lead towards G^ammai&pterii^ a form 
referred to a Botryopterid affinity. These all share with the modern 
Osmundaceae the general characters of an upright radial stock, witli 
closely disposed leaves, the bases of which persist. It will be shown 
below that the anatomical details support the recognition of these stems 
as a probable phyletic sequence. 
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'Phe develfjpment of the sporangium in the Osmundaceae differs fron^ 
that of most Ferns in the variety of its details in difTerent individual 
sporangia, evcif when they may be in 
close juxtaposition on the pinnule. The 
sporangia fluctuate between two types, 
as siiowti by the details both in 
Osmufuitt and in ; these are 

illustrated by Figs. iy5, which w'ere 
drawn from actual sporangia of Tadfix 
harbara^ and are not diagrams. I'hey 
represent extreme types, the one with 
segmentation resulting in a square- 
based archesporium as seen in the 
Eusporangiates : ihc other showing the eonical type charaeterisiic of Lepio- 
sporangiatc Ferns : the latter is the commoner in the Osmundaceae. 

The differences of individual detail start from the very first, as is seei^i 
from Fig, 296 A, in which two sporangia are shown already projecting as 
convex oulgn^wths, but the segmentation is not uniform : it is further 
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Jahrh.^ vijI, xiii. , |i» 7. I'or furcher (lam .vet ahu Sewn.f(t |■V)r(t, i.iua. 
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Gttes bhntrauxy Piarisj j 396, p. ar. 
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to be noted that the cells marked (a;) do not compose the whole outgrowth, 
but that adjoining cells also contribute in a certain degree^ so that 
strictly speaking the whole sporangium is not referable in origin to the 
single cell. 'I'he massive stalk is partly formed from surrounding cells : 
this is a further feature for comparison with Eusporangiate types. How 
various the subsequent segmentations may be will be seen from the 
Figs. 296 A, K } these show that the large cell in the centre of the growing 
sporangiuin may be of prismatic or of conical form, while they also prove 
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Toden hiLrhitrit^ Moore- small part of •action of pinnule showing two 
iporangi-a tr*". d, /> = eniutpltii nf varitEy of as m vcriK^I 

StictLtnis,. /’ = older spornriEiH'N in (r-SiiMVEr^e sect ion, Ehowiptg d-ilTHti'iiices in apor-angi* in 
Juaiiiposilion. vertical stction of sj^rancLum of Like 3ijg'e» with sauor^Wiscd 
fftnous cell- t^=i'iimiliiT spCn-iiiKiuin wiih iria^iilar sporogenous coll. /■vcriica 
irtd iranpvt^r^e stclionp oT uLdtr fipofinsio- The renErfll figures s-how two unequal 
^porang]al sialVs, in Iransvtrsc ^t!t:Tion. 

that adjoining cells take part in the formation of the sporangial outgrowth ; a 
comparison of Figs* 296 Cj d* also brings out clearly the very great dilference 
of bulk occasionally seen in sporangia of the same age. The large cel 
in the centre divides usually by three anticlinal walls corresponding to 
those seen in the usual Leptosporangiate type, though the cell which 
remains in the middle may still be either truncate or pointed at the 
base. But sometimes it appears that four lateral cells may be cut off y 
anticlinal walls, as in the largest sporangium in Fig. 296 e; thus the centra 
cell after periclinal divisions in Todea^ may sometimes have the fotn^ 
which is characteristic rather of the Eusporangiate sporangia, though t is 
is exceptional. Then follows the periclinal division to separate the capee 
from the archesporium : the cell which thus undergoes periclinal division 
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is believed to be truly comparable to the “central cell” of the Maraltiaceous 
sporangium. 

The arcbesporial cell thus surrounded by the tissue which will form 
the sporangial wall undergoes segmentation to form the tapetum (Mg. 296 n 
and f), and the irregularity seen in other segmentations is fully maintained 
in this also. From a comparison of Figs. 296 r and g it will be seen that 
sometimes the segmentation of the tapetum is almost according to the 
ordinary Ceptosporangiate type (Fig. ^960); the most interesting cases are, 
however, those in which the archesporium is truncate at the base ; in 
these it appears that the cell or cells below it contribute to the completion 
of the tapetum (Fig. 396 f) ’ this is a point of some special interest, for one 
of the most constaiU differences between the Leptosporangiate and 
Eusporangiaie Ferns has been in the origin of the tapetum 1 but Todm 
occasionally shows an intermediate condition The division of the tapetum 
into two or partially three layers follows 
(Figs. 296 V to i)h together with the sub- 
division to form the sporogenous group 
beyond this point it will be unnecessary 
to trace the development of Todm harimra^ 

In conclusion the dravvings not lettered in 
the centre of tlie group are added, as 
show^ing differences of thickness and seg- 
mentation of the sporangial stalk ; these 
are both from sporangia, of the age of 
Fig, 296 H. 

An abnormality, which has been ob- 
served occasionally in Todea barhara^ has 
been found not unfrequently orr certain 
fronds of Otmimda rtgabh^ vi;;, the occurrence of synanagia 1 one of these 
is represented in Fig. 296 hh ^ each half shows, except on the side wheie 
it is coherent with the other, the ordinary sporangia! structure. Such 
developments are no very surprising consequence of the origin of two 
sporangia close side by side, with a deeply seated central cell ; normally, 
each develops separately* but the obliteration of the groove between them 
would give a synanglal structure, and clearly this is not a very great 
modification. Hut what interpretation is 10 be ]iut upon such cases, 
whether they may be counted as retrogressions or the reverse, must for 
the present be left open. 

The more robust and massive origiii and, structure of the sporangia 
of the Osmundaceae than of ordinary Leptosporanglate Ferns is to be 
connected with the greater number of sporC' mother-cel Is produced, an<l 
consequently the greater potential output of spores. In Ostmuidij Russow' 
long ago estimated the number of spores In the single sporangium as over 
Soo, and assumes therefore the number of spore-mother-cdls to be 128.^ 

^ Vtrgb Unurs^^ |K (f7. 
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To Term an esitimate, the number of spores produced in a single 
sporangium may be actually counted ^ or an estimate of the potential 
number may be based upon the number of spore^mother-cells as shown 

in sections* By the latter method> as applied 
to since the number of spore- 

mother-cells in a median section is 30 to 32 
(Fig* 597)) 3 .nd the sporogenous mass is 
approximately spherical with the diameter of 
each cell about Jth that of the whole sphere, 
the total number would approximate to 128, 
though probably somewhat below that number* 
Actual countings of spores showed figures 
about midwa)' between 256 and 512^ distinctly 
below the estimate of Russow* In 
harbanj^ while some sporangia approximate to 
those of Osmunda, others fall far short* and 
approximate to 25^ \ but in T. supef'bir and 
hy^netwphylhides^ which are filmy ” in habit, 
the output is still iow-er, approximating in the 
last Species to 128. The bearing of these 
facts will be discussed below; the results are such as. coincide readdy 
with the relatively robust structure and variable details of the sporangial 
development^ 

An ATOM V* 

The vascular structure of the axis in the Osmutidaceae has long been 
an object of interest, on the ground of its distinctness from that of other 
Ferns, and its apparent analogy with that commonly seen in Dicotyledons. 
But in the form of the leaf-trace, and the w^ay in which it breaks up as 
it passes into the leaf* the Osmundaceae present features which are more 
readily matched among known Filicineous types* Starting from ihe peri- 
phery of the leaf, the numerous forked veins fuse, on passing downwards 
from pinnule and pinna to le^f-stalk, into a single half-cylindrical strand 
with its concave channel directed adaxially* This strand consists of a 
continuous band of metaxylem, with numerous pro toxylem -groups at its 
concave limit, which alternate in position with groups of mucilage-sacs* 
Peripherally is a mantle of phloem, thicker on the adaxial side, and 
surrounding the whole is a continuous endodermis* As it passes down to 
the base of the petiole the strand contracts, and the protoxylems unite 
into a single one in a median adaxial position, while in transverse section 
it assumes a deep U-shaped outline (Fig. 29B A, b)* It is in this neighbor- 
hood that the vascular supply to the roots is given off laterally from t ^ 
strand of the leaf-trace (Fig* 39SA iir.). The strand thus contracted, after 
entering the axis, takes its place in a ring of similar traces surrounding a 

1 For a more full staieineni set Studies, Iv., pp. 38-42. 
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central pith: as it does so its endodermis opens, and becomes coniinuoos 
with that which completely surrounds Ibe stelar system (Fig. 398 Ay Ji, C). 
The latter, as seen in transverse sectioUj is composed of several layers 
of parenchyma at the periphery : then foUotva a band of pldoein which 
is continiiOLis, but rviay be uneven in width, extending inwards at the 
medullary rays. Within this are the x}lem-stTands, wduclv vary greatly tn 
number. 0 . Aayt&mafia may have as ntany as 40^ O. ra^et/fs about 1 5 
(in Fig. 298 A there are ij). T^dai bnrbartt K or less (in Fig. 3981! there 
are 8, in c there are only 3)* while in T. supvAni the xylem may form an 
unbroken cylinder. The ^x>sition of the protoxylem also varies : in Osmumh^ 
it is nearly on the inner edge of the metaxylem^ but in Tinim the vylem 
is mesarch, or in T. hynienopbyihidi*^ the strands are almost e^aroh. 
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Centrally lies the j>ith : in some cases an internal endodermts is present 
{ 0 . dnn&mmma^ T /iymeHfipbyibddii)^ while in the former species some 
internal phloem has been found locally in several specimens eXHTinined 
by Jeffrey' ^ and by Faull- 

If the course of the several strands be followed they are found tc? fuse 
downwards according to a regular scheme^ so that they form a cylindrical 
network, of which the meshes are very long and narrow : the number and 
proportions of these vary in different cases, but in all tite inter-commmncalion 
of the whole sy.slem is exceedingly close and effective. ho scheme is 
represented ff>r Osmimdn in Fig. 209 a, as flattened into a single plane^ 
and for Tadeti, where the number of the strands is less, in ['ig, 399 it. 
A com|>arlson of these diagrams with the figures of transverse seciltm 
will explain the main features of the system of the a-xE.*;. 

There are two possible views as lf> the nature of this system of the 
axis, as seen in the living Osmundaceae t either that it is a result of reduction 

^ PM(. Tmffs., v[>b cxcv,, |i. 119, tic, 

Anaiuiiiy of tbe Osiniiiidamae,*^ Bo(. 1901 , |k ji![r 



from i\ more coniplex condition, or that ilie system h itself in the upgrade, 
and an indication^ as seen in the living examples, of the approximate 
limit which development had attained in the group, 'rhe former opinion 
has been elaborated by Jeffrey^ and by Faiill : - they hold the Osmundaceous 
stele to be a reduced form of aniphiphloic siphonostele,” and in support 
of their opinion they adduce the presence of an internal endodermis 
{O. and T. hymtni}phyliouks\ and the occasional presence in 

some specimens O. {innomomea of intei'nal phloem also, locally in the 
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neighbourhood of the branchings of the axis. There are good grounds 
for doubting whether the local and inconstant occurrence of internal phloem 
and endodermis will bear the sveight of a far-reaching theory of reduction : 
the question has been argued sufficiently elsewhere," on grounds of anatomical 
comparison of living forms, and without acceptance of the reduction theory. 
Even on grounds of physiological probability it would appear loss lilt^ly 
that a robust and large-leaved phylum of Ferns should show a reduced 
vascular system in its stock than that the stock should retain a primitive, 
though perhaps imperfectly efficient system* 

Apart, however, from such questions of probability, a good basis foi" 

PhiL 7 V(t«j. voL caev., p. 119, etc. 

'“Anatomy of tlie Osjmipdactat,” Bsf. 1901, p. 3ST* 

*ScoU, Mtm PAjflo/f^^'ti, vol. 1., p, 209; Seward, p. J Boodk, V 

1903, p. 51S ; Chandler, (f/ 11905, p. 4CJ&. 
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an opinion opposed to a theory of rediiciion is to be found in the onto^ei^y 
of the living plants ; for in the ^^eedlings tltere is at first a protosiele without 
internal complioations, which expands later, and becomes niedullated; but 
at first the passing out of a leaf-trace does not necessarily interrupt the 
continuity of the xylem ring: leaf-gaps are not found till kterd Thus 
the ontogeny suggests a progressive evolutlo]’i of the contplex structure 
from the protosiele. 

But still more cogent evidence is derived from the study of the structure 
seen in the related fossils, examined successively according to their strati- 
graphical succession. This work iias lately been carried out by Kidston 
and Gwynne-Vaughan, and the demonstration is a very convincing one.“ 
If the present Osmundaceous structure be reduced, the fossil correlatives 
should show a progressively more complex structure as they are followed 
to earlier strata, but the reverse is found to be the general trend. Five 
salient stages of complexity of the stele are involved in the series recognised 
by Kidston and fiwynne- Vaughan 3 they are these: the condition with 

interrupted xylem-ring, and internal endodermis and phloem; fs) an 
interrupted xylem-ring surrounds pith only ; (3) a contirmous xyleni-ring 
surrounds the pith ; (4) a solid xylem is present, without pith, but 
heterogeneous in structure (?) ; (5) a solid hon^ogeneous xylem. 

In the modem Osmundaceae the msiial condition is (2), but with 
indications of (1) in O. and less clearly in 71 

Among the fossils Osmundiks D&wkeri^ Carr, from the Eocene, shows 
the condition (z). Osmuifdiks Skidi^akttsh^ Penhallow^ from the 

Cretaceous, shows internal phloem, and is in fact the most complex 
Osmundaceous structure knowrii If no other fossils were available than 
this, there would appear to be some support for a reduction theory ; but 
other fossils preclude this conclusion:^ thus Osmandiki Chemttikkfiu^^ 
Unger, from the Tertiary Quartx of Hungary, show^s the condition (2). 
From the Jurassic comes OimujfdiU^ Gibbeafm^ Kidston and (iw'None- 
Vaughan, which shows the structure of type (j), but with narrow leaf-gaps: 
also O^mundiks Dunhpi^ Kidsion and Gwy^llne-^kughan, with a continuous 
ring of xylem surrounding a central pith (3). From the Permian of Russia 
Chekpkris Kiclnvald, which shows type ^3), with continuous 

xylem-ring ; also Chdfpkrd XnUtikiiy Kids ton and fJ Wynne- Vaughan, 
which appears to conform to type (4X showing a protostcHc state, hut with 
the central region of the xylem dififerentiated from the peripheral. 'J’his 
condition approaches very near to type (5), with solid homogeneous proto - 
stele, a state which is seen in GfafHmatopkrts^ from the J*gtmian of .Autun. 
It has already been remarked above {p. 49^) that in general habit and 

^Seward and /.r. , p. 24]. 

^ Kideton and GwyniwA^aughan, Troits. iW,, Kfhn., 1907, voL 7,]v., p. 759, 

^ An example 5Mch as this, leading to a jiKKS^ililc cEmcIasioTi w]»iclt wi[]L‘r 
of the fossils shows lo lit erroneous, eKeuiplifieit one t>f I he many flarigers of .irgunieiu 
from fowil evidence^ 
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iiiructnru ceriai]! fossils attributed to the Botryoptendeae have pronounced 
Osnuindaceous characters ^ in view of the sequence of fossils above quoted^ 
it seems probable that the Qsnninclticeous structure is referable in origicip 
with tqnvard differentiation of the stele, to some type of the nature of the 
HoEiyopterideae (Kidston and CBvynne- Vaughan). It thus appears that a 
study of the related fossils in their strati graphical sequence lends no serious 
sup[>ort to a theory of reduction of the stele from an “ amphiphloic slphoiyo- 
stele it indicates ratlter an upward development from a protostelic slate. 
'Taken with the comparative considerations already advanced^ the evidence 
against Jeffrey’s view appears very strong indeed. 

Zeneui ^ had already regarded the stele of as being in the 

up-grade of development, and had compared it with the structure seen in 
certain of the hycopodiales, With these a ver)- interesting parallel may 
be drawn^ and especially with that series illustrating a progressive elaboration 
of the stele, and its disruption into separate strands^ which Kidston has 
recendy demonstrated by a stratigraphical sequence of fossils as cogent as 
this in the Osmundaceae {see above, pp. 230, 337). The fact that such 
parallels have been shown to exist in distinct phyla is in itself a support of 
the views above indicated. 


EiUUI? VOLOt’.W 

The primary embryology of the Osmundaceae being on the same 
plan as that of the Leplosporangiate Ferns as a whole, it need not be 
described in detail. The Leptosporangiates all differ fronv the Marattiaceae 
in the position of the basal wall : in the latter it is transverse to the axis 
of the archegonium, in the former it is parallel with it : in relation to this 
the epibasal half, which gives origin to the axis and leaf, is here directed 
laterally, and the cotyledon originates from its lower quadrant. The 
consequence is that, as in all the other Leptosporangiates, the cotyledon 
of the Osmundaceae emerges on the lower side of the prolhatius, not from 
the upper as in the Marattiaceae. Comparing the embryo itself with that 
of other Leptosporaivgtate Ferns, it will suffice to remark that in the 
segmentation there is somewhat less regularity in the later divisons, and 
that the external differentiation of the members appears later, the embryo 
retaining longer than in them its spherical form. These are but minor 
differences j they indicate, however, for the Osmundaceae an iniermediate 
place between the typical Leptosporangiates and the Eusporangiate Ferns, 
A similar intermediate character comes out also from comparison of 
the merisiems of the Osmundaceae with those of the Marattiaceae on the 
one hand, and of the typical Leptosporangiate Ferns on the other. I 
have shown at length elsewhere, ^ that in respect of the apices of root, stem, 

1 Zt'iLf i^ 95 h pp. 72-7^^. ' * details see Campbell, and Fet ni± p. 3 S^ 

purji. Mier. S<Ly vol. xxv., p. 75 - ftc. ; Phii, '/rant., fSS 4 j P^'^^ P' 

J65 I af Bai., vol. Hi.* p. 305. This matter will be lakea up again later, w en 

the gewttal coni|>arEs£>n of Terns is irade* and also in l‘art iti. 
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and leaf, and even in the segmentation of the wings of the leaC the condition 
of Oimunda and Todea is less regular and more bulky than is iiabitiial in 
the f,eptosporangiates ; and in p^iriicular, in the scgntentation of some of 
their roots^ where four prismatic initials take the place of the single initial of 
the l.eptosporangiates, there is a near approach to the structure seen in the 
Marattiaceae t also in the apex of the leaf of O^uumda Todc<i there is 
a three-sided initial cellj as against the usual two sided type of the LeptO' 
sporangiates. When these facts are put in relation with what has i^een 
demonstrated for their sporangia^ where there is so strange an oscillation 
between the EusporangnUe segmemation and that typical of I/eptosporangiate 
Ferns, it becomes clear that the Osmundaceae bold a transitional place 
as regards their embryonic, and mertsietnatic structure, rhis harmonises 
readily with their mature characters^ and with their probaljle early tirigin as 
shown by palaeophytological enquiry. 

Jhus an examination of the Osmui^daceae, living and fossil, leatls to 
the recognition of the following characters as probably e^istenl hi the stock 
from which the family sprang. It had an upright, radially constructed shoot, 
as shown both by the living species and by the related fossils ; for thougli the 
embryo has the prone [x>sition in Living forms, this is only a temporary juvenile 
phase (see pp. 3 J 3-3 15). The axis was protostelicT as indicated by the 
seedling structure, as well as by that of the earlier fossils ; apd though the 
stele tended to be disintegrated in the more recent types there is still no 
proof that the state of ty|jical dictyosiely was ever reached. 'J'be ai>3ence of 
leaf-gaps in the early condition of the seedlings, and in the early fossils, as well 
as the fact that the leaf-trace in all consists of a single strand, indicates an 
ultimate origin from a slock in which the leaf had not allainetl the ascendynt 
in the shoot. 'The young parts were protected by mucilaginous hairs, 
ramenta being absent. The disposition of the relatively bulky sporangia 
was non-soral, either uniformly on both sides or margin of the leaf, or on 
the lower surface : the individual spore output was relatively large, and 
the opening mechanism simple. 'These charEictcrs all point towards the 
Hoiryopierideae among known early forms, and make it appear probahle 
that the source of the Osmundaceae is to be found in some near relation 
to that early family of Ferns* 
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I'kis fiimily includes Lygiidinm^ and Mohrui of living 

genera, with about So species,, of wide distribution, but chiefiy within the 
tropics. 'I'hc fossil gei>era Kiukii^^ and perhaps Kidsionmi 

referred to this affinity, indicate that the SchiiiaeacGous type was of early 
occurrence. Whereas in the Osmundaceaej and in the Marattiaceae with 
few exceptions^ the radial lyi>e of shoot prevails, in tire living Schiisaeaceae 
there is a pronounced leaning towards a dorsiventral habit. The radial 
type of construction appears in S(hi%aea^ in and in most species of 

Andmia \ frctjuently, however, the slock is not upright in position, but more 
or less oblique, while in Afieimia ^Ancimiorrhiza) the stock is a creeping 
one The extreme case is in Lyg&dium^ which has a creeping underground 
rhizome with bifurcate branching, and it bears the leaves inserted in. a single 
row, or it may actually be two nearly coincident distichous rows, upon its 
upper side. I'be arrangement of the leaves is, however, in a dense spiral in 
those cases where the axis is upright or oblique, while in the creeping 
Amimiat it is in two alternating rows. It is probable in this family, as 
in others, that the dorsiventral Is the derivative and the radial the primitive 
type ; but it will be seen that Zygodium, which departs most markedly from 
the radial construction, is in certain other respects relatively primitive. 

The leaves show great diversity of detail in the different genera. In 
Sc/iisaea there is a very marked and repeated dichotomy (Fig- 3°^)' 
branches may be more or less completely webbed together below, and they 
bear the fertile segments on their distal ends. In Lygodium also the leaf- 
architecture is traced by Prantl to repeated dichotomy^ but complicated by 
the continued apical growth and s3'mpodial development of the branches! the 
leaf may attain a length of loo feet or more. This extraordinary foliar 
structure acts as a prehensile .climber, and the fertile segments are seated on 
the distal ends of the branched pinnae which it bears at Intervals. In 
A^ttimia and Mohria the leaves are less complex, and the ultimate reference 

^ Die SehhaeaeHtt, Leijistig, 
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to a dSchotomous branching is not so clear- In the former the lotvest pair of 
pinnae are usually fertile, in the latter genus the sporangia may be clistribiiled 
over the whole length of the leaf. 

Hairs are present in all the genera, and in all except Mohnu they 
are filaniemous, as in the Kotryopterldeae, Marattiaceae, and Osn’inndaccae* 


Uijptr jMrt> of fcrlilt k-:ive>flf Uic ^-L-tiLis AVA/rw-rn, ^ — AVJt. 

i’ljiiia, Sw. C, Sih. lit /> ifie Hliiin4Li'C >«)£(in-ii1^ fln- Jtburc scruti^l^ 

4ii4|;p»irit^r (Aricr l^itl^, truni iLik);tL-ir iincl Pranil, A'^A 


and are sontetimes glandular. In Mohria they are no longer filamentous^ 
but flattened as scales : this condition, which is characteristic of most Ferns 
of a more advanced type, is readily referable in origin to lateral widening 
accompanied by longitudinal cell-divisions. 

The sporangia are not arranged in sori, but solitary, a nuiitber of tbein 
being borne on each fertile segment. In Schkn^a and Afmmut iliey 
apjjear when mature disposed in regular tows, one on each aide of the 
midribs on the lower surface of the fertile segments. 'They may be protected 
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by curling over of the margin of the |jiiinulc, as in Mohria and 
and il;^ some degree in Amhuui ^ or there rrtay he a sjpecia] protective 
gro^viF comparable to the indusiuni of the Hymenophyllaceae, which 
completely covers each separate sporangium, as in Lyg^ium (Fig. 301). 
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4'hese in the Schi^aeaceae are simply the solitary sporangia, each of 
which Prantl recognised as constituting a ''moiiangial sorus.'’ He accurately 
worked out their development, and found them to arise in acropetal order 
on each fertile segment: he ascribes to them all an origin from cells o 
the marginal series, with a terminal position on the fertile vein. Con- 
sequently the protecting flanges must, according to his account, be accessory 
growths from the adaxial surface of the leaf. As Diels remarks, however, 
extended and renewed mvestigadons are desirable before this is fina y 
accepted^ It seems improbable for and still more so for certain o 

the related fossils: from their mature position in these it would appear 


^ i. , p. 360. 
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more likely that the sporangia are originally of surface origin. Nor does 
it appear unlikely that there should be inconstancy in this respect ivithin 
the family^ when it is remembered that the sporangia may be either 
marginal or superficial in the Osmundaceae, 

'^i'he sporangia are large and sessile^ or in Lygihiunn shortl}' stalked, 
and are annulate. Tl^e annulus in the living forms is usuniily uniscriatc. 
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Lhough occasionally it is more complex : it is rontracied towards the Eiplcal 
end of the spenangium, and there is a definite stomium ; Imt liowever 
contracted it may appear, there is in its centre an apical grouji of thin-walled 
cells (or St may be ordy a single one in Jy\^odiiim arul Si'hh^}e(i\ designated 
by Priintl the 'Opiate." [i is important to note its existence for comparison 
wiili sporangia of other herns. 'I'hc rest of the sjjomngial wall is ihin. 

2 M 
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The sporAtl;;iu of Mohrhi are radially constructed, the apex and base 
being opposite (Fig. J02 ij, li), lit the other genera the sporangia are more 

or less curved, so as to be dorsi ventral ; 

A B curvature is slight in Aneimia and 

^ Sihizaea (Fig, 302 A, F, 0), but very 

|k marked in Ly^fidium (Fig. 302 c). 

Here it will be well to introduce 
1 ^ brier notice of certain fossil sporangia 

\ which have been referred to this affinity, 

\ understanding of 

\ ^glf \ ‘ structure of those of living forms. 

^ The best known of these is S^nfien- 

Frt:. yy^. {^Fe<-^pkrid) fk^ftns^ Corda^ from 

the upper Carboniferous (Fig^ 303); it 
corresponds to both in the 

disposition of the solitary sporangia 
and in their form and mode of dehU 
scence : but the annulus is composed of several celbrows, and the terminal 
“plate” has not been observed. Zeiller points out, however, that this is not 
an absolute difference from living forms, for various species of Lygodinin 
(a genus which has itself been traced back 
to the Cretaceous Period), have a partially 
double series of cells of the annulus, while / 
the “plate” in living forms is often so / 

small that a similar one in a fossib f \ 

impression might well escape detection.^ 
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Probably they had originally a more complex annulus than those of the 
present day. 

Ihe development of the sporangiun^ follows in its main features tf^e 
usual Fern^type, each being referable to a single parent cell, with rectangular 
base. It is specially noted by Prantlj* that in all the Schi^aeaceae the 
first segment-wall extends from the outer to the inner pericltnal wall of 
this cell ; such segmentation is a feature characteristic of the more robust 
types of Fern-sporangium (Fig. 305). This is followed by tw-o other anticlinal 
divisions, as seen in section, and then comes the 


periclinal division which separates the cap-cell from 
the archesponium. The former gives rise to the 
greater part of the sporangial wall, while the lower 
segments complete the wall, and form the short 
stalk. In the archesporiutn the usual tapetum and 
sporogenous group are formed; the latter consists, 
however, of a larger number of spore-mother cells 
than usual in the Leptosporangiate J^’erns : in 
Amimia Prantl figures 16 spore-mo I her-cel Is as seen 
from one side only of the sporogenous mass, and 
I have seen the same number in actually 
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traversed in a single section. These observations led to an enumeration 


of the spores actually produced from the sporangia of the Sclu^.aeaceae : 
in I^y^odiutH jupofHcu^fi and dichototHUm the number approximated to 2'56,. 
but in Z. piftmiiifidHm to only 12S: there is thus a difference between 
species of the genus, as in T&de& and elsewhere, The lower figure is 
shared also by and I'he numbers are thus 

larger than are seen in ordinary Uptosporangiate Ferns, and they approach 
those seen in tlic Osinuiidaceaeii 1 he largest number is seen in m \ 

it will be seen that its anatomical characters also mark this genus out as 
more archaic in structure than the rest of the family. 


A MO MV. 

The Hchi/aeaceae show diversity of habit, varying from those with 
creeping rhizome and laxly disposed leaves to those with ascending or 
upright Block, and leaves densely spiral: the internal strLicture of"^ the 
shoot also shows marked differences, which follow these differences of 
habit.^ In Lygodium the simplest vascular structure is found, for there 
the rbiiome Is traversed by a pro^^ostele with solid xylem consisting of 
tracheides and parenchyma, surrounded by phloem, ]>ericyde, and 
endodermis. 'I’bere k no typical proto xylem : the first formed tracheides 

p. 49, ^Tii^sltry anti Cltkk, Amt. 0/ rgoj. |). 495. 

’Hcc Hijodtc, Ann. V /fat., 1901, p. 359. untl 190J, p. 511 ; p.uVtj, Phi/ 7 'rafiT., 
B, 1902, p. r2«; dw. Tnnjiky and Chick, Attn, ttf PaL, lyoj, p. 495, 
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are ^caktri kn in, And are fjcatteiretl round Uie periphery of the xylein- 

t ore, wliich is itsdf composed of iracbeides, inlermixed with pArencltynia 
,>o6). The peiiole is iravcrscd by a single strand^ which comes off 
from the protostele with only superfickl distutbanco of it : iit fact the 
mature i>lanL maintains the simple relation of the protostele and trace 
which is seen in its seedling (Kig. 307). Vhe foliar strand in the climbing 
petiole is an almost cylindrical body, with bays of phloem protruding 
into ilie \ylem : it is probably a derivative form of the more usual flattened 
tyjje, contracted in accordance with the climbing habit In the 

oblit|iic]y ascending or erect stock shows a medullated stele; endodermal 



J’ni. 

'rraiii'Vflr-^ simiellh} oI" i>ll: rhi/o^ne -nr difhoi&mum. X jo- t'itiitlwJtmiis , 

pockets are often present at the nodes, or an isolated internal end ode rims 
is occasionally seen, but no internal phloem, Internal tracheides occur 
in the medullary region, sometimes isolated, sometimes almost bridging 
across the central pith (S. moihi^cona). It has been clearly demor^strated 
that as the stele in the seedling expands, no internal phloem appears; 
these facts favour a theory of amplification of ttie stele in Schham rather 
than one of leduction. In Afitimia Phyllitidis and most other species, 
as also in Mokria, the mature stem is dialystelic, having a hollow reticulate 
vascular cylinder similar, except for the ieaktraces being only a single 
strand, to that of N^phr&diitm fiHx mas : each mesh is a leaf'gap and the 
leabtrace is inserted at its base^ But in A. mexkana and other creeping 
species the dialystelic state is replaced by dosed vascular ring or solenostele* 
The simpler type of Ly^odiu^n is probably the more primitive, and as 
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bearing on this the development of its seedling does not suggest reducjtfon 
from any more complicated type. In the seedling of A/ieimtu there is 
at first a solid stele, which is converted into a dialystelic one by gradations 
similar to those for instance in /^^eris i the ontogeny may here be held 
to indicate the probable evolutionary progression. In the case of 



Flfl. 
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the facts indicate that its middle position ts due to amplification of the 
stele leading up towards the solenostelic state, though the opinion is also 
a tenabic one that the genus illustrates phases of reduction. 


liMickVCJr.oov. 

'J his is described as being similar to that common for most I’crtis in 
tlie case of pt/nV/a.^ It may be noted, however, that the fila- 

mentous pTothalUis in this species shows very close analogies with that of the 
H y m eno phy I ] aceae 

In discussing the prol>ablc phyleiic relations of the living Schi:/aeaceae, 
Prantl^ remarks that it is impossible to derive any one genus from any other t 
they have obviously similar soral and sporangia! characters, but they difier 
so greatly one from another in other res[)ccts that we can only regard tfiein 
as derived from some simpler type, which may be held as a common 

^ BrUten acid Tjiylo^ [i, i, - A.Oh ]], 14^. 
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ancestor. If the attempt be made to sketch the characters of that ancestry 
they would be as folllows : Probably like other primitive Ferns the early 
Sohl/,aeaceae had an uprigbtj dicbotomously branching stock (retained until 
after the leading soral characters were established)* with radially disposed 
leaves, which also branched dichotomously : a protostelic structure (retained 
till after Lygfj^/hiw had assumed its creeping habith and a relatively simple 
leaf, as indicated by the single strand of the leaf-trace. On the surfaces were 
simple filamentous hairs* The mcnangial sori were probably superficial, as 
indicated by and AVifh'n^ with a tendency tow^ards the margin 

realised in the more n^odern forms. The sporangia were relatively large* 
with the annulus consisting of more than a single series of cells. 

Of the living forms Lygodhan represents structurally the most primitive 
type, being protostelic. Subsequently the stele dilated, perhaps to accommo- 
date the enlarging leaf-traces*^ as seen in the genus and became 

even dialystelic, as in Aneimia and Mokrit\ i but the section Andmwrrhiza 
probably assumed its prone habit before the sol enos tele became dialystelic. 
On this view AmimiQ and Mohrh would be anatomically the most advanced 
types. This harmonises with the facts relating to spore-output ^ for on this 
ground also Lygodium would be the most primitive* and the other genera 
would have proceeded further towards reduction in number of the sporo- 
genous cells. It is in Lygodium also that Zeiller recognised that more 
complex structure of the annulus which corresponds to that of the earlier 
fossils. 

There is, however, another, and from its entire independence of the 
characters compared above, a most important feature* ^vhich marks off 
Annmiti and Mohria as advanced genera in the family. Heira,- in 
selecting organs which are typical for the divisions of the Ferns and 
recur under altered cultural conditions* lays great stress upon the structure 
and mode of dehiscence of the antheridium, of which he recognises two 
types; Type A, in which at maturity the capcell breaks away; this includes 
the Osmundaceae* Gleicheniaceae* Hymenophyllaceae* Cyatheaceae, Dick- 
sonieae* and Lygodium : it is* in fact, characteristic of those Ferns w-hich are 
usually held as primitive. Type B* in which the antheridium has a star like 
dehiscence, includes Aneitma and MohriQ^ and the whole body of the Poly- 
podiaceae i thus these genera share with the later and presumably derivative 
Ferns® a character by which they differ from Lygodiurn. Accordingly, on 
their anatomy* on theh spore-output, and on the mode of dehiscence of the 
antheridium Aneimia and Mohria appear relatively advanced, and Lygodium^ 
which itself goes back to the Cretaceous Period, is relatively primitive. 
Any converse view will have to meet not only one, but all of these 
lines of evidence. 

» Boodle, Ann, &f 1905, p. ~ FhrAy JS96, p. 329, etc. 

^ Heim notes a.lso other characters of the gfimetophyte in which and Mohria 

differ -from Ly*g^dium : so that the distinction is not based merely on the anthcridinl 
dehiseenctf, but is more general. 
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li IS then specially through Lvg^odif/m that the nearest connection may 
be sought with ancestral Fern-types, which should have a protostelic stocky 
and show dichotomy both in axis and in leafj large sporangia, with the 
annulus not necessarily uniseriate, and with a relatively large spore-outputH 
As these characters are less decisive than those seen in the preceding 
families, the dilhculty in locating ^he Schiiaeaceae will be correspondingly 
greater. 

MAKSlLLACKAt:. 

It is probably in near relation to the Schizaeaceae that the Marsihaceae 
find their most natural position. This has been argued by Campbell^^ and 
the data relating to the sporangia appear specially convincing. But as these 
heterosporous plants constitute a peculiarly specialised line^ which has 
probably never advanced further, the discussion of them, however interesting 
in itself, does not bear directly upon the problem in hand. Accordingly no 
detailed account will be given of the Marsiliaceae. 

There is, however, one striking feature in their morphology which calls 
for notict: here, since it provides an apparent analogy with the Ophio- 
glossaceae I vi/. the position of the ** sporocarp." 'Fins curious and complex 
body may be stalked or sessile and be borne singly attached to the leaf- 
stalk, or in considerable numbers as in Al. pQ(y{arpa \ finally it may itself 
be branched. From its position and structure, as well as from the way in 
which the sporangia are prodticed, a foliar character is probable, notwith- 
standing that the forrn is far removed from that of any ordinary leaf-segment : 
and this is the conclusion to w-hich study of the development has clearly led. 

Johnson' found that both in Marsilia and Piiuiaria the origin of the 
sporocarp is from a cell of the marginal series of the leaf : he concludes 
that the capsule is the equivalent of a branch of a leaf in whicit the 
marginal cells have been devoted to the formation of sporangia instead of 
a lamina, (loebd obtained a somewhat similar result from the investigation 
of M. poiy&irpa here the numerous sporocarps arise in acropetal succession 
from the margin of the leaf, but from one margin only : they assume upon 
the leaf-primordium the same position as the sterile [>innae. Hut the arrange- 
ment of the cells is different ; the sporophylls have a two-sided initial, while 
the sterile pinnae show from the first a marginal growth, I’his, however, 
need not preclude the recognition of the sporocarps as the correlatives of 
pinnae. 

'rhe analogy of these Ixidies with the spikes of the Ophioglossaceae is 
too obvious to escape remark, and some have seen in them and their 
pinna-character strong evidence that the same must be the nature of the 
Ophh>glGssaceous spike. The objections to this facile conclusion are tw'O : 

' 1904, pp. 761-yys. 

{i/ slit, p, 119; and Bat. Gtiz., xxvi., p, x. 

^ vttU id, p, 479. 



first, that the latter are not marginal, excepting very occasional examples 
in O. poimatumt uhicli is held as a derivative and outlying species; but 
secondly, the general comparison of characters, morphological and anatomical, 
of the sporophyte, of the sporangia, and of the ganietophyte, indicates a quite 
separate position for the Opbioglossaceae. It suggests that the most that 
can be said is that some analogy exists between the Marsiliaceae and 
Ophioglossaceae in the position of their spore^producing parts; but the 
way in which this analogy has been attained is quite a different question. 
It seems probable that they represent quite distinct evolutionary sequences : 
a well founded h^^pothesis has been stated above of an origin of the Ophio- 
glossacepus spike quite dlslit^ct from that of the sporocarp in the Marsiliaceae- 



CHAPTER XXXVI. 

GLKICHKMI.VCKAK. 

This family is represented by about twenty living speciesj all of which 
are referred by some systematisis to the single genus Gkkheitia^ though 
others separate off the motto: y pic genera, Piatyzoma, Br., and Stromah>f>tens, 
Mett. The living species are distributed throughout the tropics, whence they 
e^itcnd far southwards, but only in less degree north, and they are absent frotu 
the northern temperate 
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Among these Perns an upright shrubby a^is is occasionally found 
fopterts}t hut usually there is a creeping rhi/ome, whioli sometimes takes an 
ascending position. Upon it the leaves are solitary, often with Icnig inter- 
nodes, but sometimes more closely arranged {PhUyzoma). The leaves aiv 
occasionally simply pinnate {Stt-mnaUipierh^ Phtlyzomu) ; but usually the)' 
show higher degrees of branching, together with a peculiar straggling habit, 
'rhe branching of the leaf hasi freqtieiHly been described as dicItoLomous ^ 
but according to tJoebel no species of Ghkh^ma has a dichotomous leaf,^ 
the branching is ahvays a inonopodiai pinnation ; the appearance of 'Torking*' 
is the consequence of the two pinnules below the cirdnate but temporarilj' 
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arre&ted leaf^tip developing equally, and so strongly as to exceed the actual 
apes \vhich lies between them. But on the other hatid^ as the result of 
comparison apparently of mature spec! me ns* Tansley refers tite leaf-architec- 
ture ultimately to dichotomy. He states that "a bud normally arises from 
the an^le of the primary dichotomy.” ^ In face of such diametrically opposite 
Statements the accurate observation of the ontogeny is most desirable; 
hitherto the details of development of the Gleicheniaceous leaf have never 
been worked out. 

The degrees of branching of the leaves have been made the basis of 
subdivision of the genus into four sections (Fig. 30®).^ Goebel has described 
the mode of protection of the resting bud seen in some species i the pinnules 

which stand nearest to the apex form protec- 
tive scale.s, and they have been mistaken for 
adventitious or aphleboid growths.^ As a 
matter of fact, the whole structure can be 
referred to a normal pinnate development of 
the leaf, altered by temporary arrest of the 
apex, and by precocious development of 
certain pinnae. Hairs and paleae are found 
on the surface both of rhizome and leaf. 

The sori are always superhcial, disposed 
in a single row on either side of the midrib 
of the fertile segment (Fig. 309), lypically 
they are radiate-uniseriate, the sporangia 
being attached in a ring round a central 
receptacle : they are without mdusium. The 
number of sporangia varies In different 
species, two to five being common numbers; 
but the sorus may often be represented by 
a solitary sporangium (monangial sorus), 
especially towards the distal end of the segment, a fact pointing in the 
direction of the Schizaeaceae t or the number may be larger than five 
or six, as In G. and diciti^toma (Fig. 310, «-/;), and this points in 

the direction of the Cyatheaceae. 

The existence of the fossil Fern with fructification designated OHgomrpia 
has been held as evidence of the existence of Gleicheniaceous Ferns as 
early as the Palaeozoic period. But the fact that the Gleicheniaceous and 
Marattlaceous sori are of the same type throws the burden of proof upon 
the sporangial structure, on which point it may be admitted that there is 
some doubt.-* But the Gleicheniaceous habit of frond is seen iu the 
Palaeozoic genus Diplobnemit and other types, while certain Carboniferous 
stems had an anatomical structure like that of the Gleicheniaceae.* But 
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^ Amu af Bei-i xin., 1893, p. 479. 
^Gochel, /.A, p. 318. 

^Scolt, p. 263. 
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G LEI CHEN [ACE At: 


555 


'whatever may be the doubt as lo the proof of Palaeo^iotc (ileicheiTiatreae, 
their existence in the MesoiOic seems clear : certain of the fossils of that 
age have even been referred to the sub-genera of as represented 

by living species. It \vill be seen that a detailed exaininaiion of the living 
species supports on comparative ground an early origin of the family^ such 
as the fossil evidence suggests. 


Si^hK’Proi JUC iNO irKHS. 

The naked sorus consists of a loiv circular receptacle bearing a variable 
number of sporangia. The sporangia are commonly quite separate from 
one another^ though instances of synangia which resemble a fusion of two 
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sporangbj arc not uncommon. The .sporangia usually form a single row 
round the receptacle; their orleutatton is in this case constant, tlie longi- 
tudinal slit of dehiscence facing directly towards the centre of the r{>sene- 
like sorus. Where tlie number of sporangia in the sorus is more than five, 
single sporangia may be displaced, perhaps by lateral pressure, and point 
obliquely upwanlSk but in Gl. ^ikhtttouuii in which the number of sptjrangia 
in the sorus may be as high as ten* or even more, the central area of the 
sorus, which is usually vacant in other species, may also l)e occupied by 
sporangia. Figs. 310, n-t'^ show cases of the insertion of sporangia on the 
apex of the receptacle ; the number of these s|x>rangia may vary from 
one upwards, and they form a second tier above the Ixtsal njseite. When 
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one of these only is present it usually occupies a central positioiu 'J’he 
orientation of these central sporangia is not constant. By the presence 
of these supernumerary sporangia the gap is bridged over within a single 
genus^ between two well-marked types of sorus ; on the one hand are the 
^larattiaceae, and most of the Gleicheniaceaei representing the “radiate 
uniseriate ” type, with a single linear series of sporangia, surrounding the 
periphery of the low receptacle ; on the other hand are the Cyatheaceae, 
Dicksonieae, LoNSomaceae, and Hymenophyllaceae, with a more or less 
elongated receptacle covered to its apex with numerous sporangia. 

As in other genera where the sorus is circumscribed, so also in Gkichema^ 
fissions of the sorus may be found, chiefly in conjunction with branching 
of the veins. Examples of this are shown in Fig. 310/^, h. 

The sporangia have an annulus, consisting typically of a single row of 
cells : it is complete round the head, with the exception of the region of 
dehiscence, which is on the side directed away from the lower surface 
of the leaf {Fig. 310 i-n). The position of the annulus is oblique, so 
that of the two thinner areas of the sporangial wall which lie on either 
side of it, the one faces obliquely towards the centre of the sorus, and 
away from the leaf-surface, the other obliquely away from the centre, and 
towards the leaf-surface* The former may be styled the acroscopic or 
central, the latter the basiscopic or peripheral face of the sporangium* 

There is considerable variation in size of the sporangia in the genus 
Gkkhema. Those species w-hich have a small number of sporangia in the 
sorus, such as Gi. rapes tris and eminata, have relatively large sporangia 
{Figs. 310 4 y, those w^hich have more numerous sporangia in the 
sorus have them of smaller size, e.g. Gl. dkhokniet {kigs. 310 4 ?/;, Taking 
first the sporangia of the larger type, as seen in Gl. drHnata, the form 
is almost that of a kettledrum; the “peripheral” face is almost flat, and 
lies in apposition to the leaf-surface, while the annulus runs round its 
margin; the “central” face is very convex* The stalk is short, and con- 
sists of a central group of cells, surrounded by a peripheral series; it is 
thus thicker than in ordinary Leptosporangiate Ferns* The sporangium 
of Gkidienia dkh&ioma is of much more elongated form, the stalk is 
thinner, and has no central group of cells : the annulus rises more 
obliquely from the surface of the leaf. Gkkkmiit flabdiala holds a 
middle position between these tw'o types as regards size and shape of the 
sporangium, but in the number of spores produced in each sporangium 
it is, as we shall see, an extreme type. 

T'racing the development in (9* fiabdlalQ^ the sorus first appears in the 
still tightly circlnate pinnule; it arises as a smooth outgrowth opposite a 
nerve (Fig. 311 tr), a considerable number of cells being involved in its 
origin, Having grown to a height almost equal to the thickness of the 
pinnule, it becomes flattened at the apex ; in those cases where the sorus 
is to be a simple rosette (Figs* 31 1 b, g), the convex margin begins to 
grow out as rounded processes, which develop into the sporangia. There 



GLEECHKNIACEAE 


557 



15 some variety of detail, according to the si/e of the future lipo rang] urn ; 
in the larger type of Gi. circiftata or GL flahdiahi eacli process under- 
goes segmentation^ resulting in a conical sporangial cell {^) ; in this 
successive obliquely inclined divisions follow, the earlier of which con’ 
tribute to form the relatively massive stalk (Figs. 31 1 c). These divi 

sions do not appear to be uniform, as will be seen on comparison of the 
four corners of Fig. 311 c, and of vertical sections (Fig. 311 A) ; the 
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latter ;ds(> show in the case of these more massive sporangia that the pei i 
clinal division, w'hid> cuts off the cap-cell, takes place at a time when 
the sporangial head projects but slightly from the surface of the receptacle. 
From this description, and from the figures it is apparent that ilie whole 
sporangium is from the first of more massive construction, and results 
from more numerous segmentations than that of ordinary I.,eptosporanglaie 
Ferns, though the last segmentations which define the central cell follow' 
the usual se(|uenee^ 

In the more attenuated type of id. dkhaitmui the sporangium is from 
the first of more elongated form, and its stalk less massive (h'ig- 3rr ,(,9 j 
the formation of the cap-cell takes place at a time when the sporangia) 
head In more clearly in advance of the adjoining tissue^ and the central 
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celt is thus never actually immersed In the tissue of the receptacle as 
Is the case in GL flaheilata. In this feature again, GL dkke/oma approaches 
the ordinarj' Leptosporangiate type. The central sporangia, above noted 
as occurring in this species, aiise, as far as can he seen* simultaneously 
ivith the rest, and actually occupy the central area of the sorus from the 
first (Figs. 311 /); this area is usually vacant in other species, and is 

sometimes vacant also in GL (Fig. 3(1 Since the sporangia 

originate in this central position, their presence there cannot be accounted 
for by displacement due to pressure ; it is to be ascribed rather to extra 
development, or interpolation of one or more accessory sporangia, which 
arise in a position usually unoccupied in the genus. 

The divisions in the sporangial head to form the lateral cells of the 
wall, the cap-cell, the lapetum and definitive arc hespo rial cell, follow with 
slight deviations the type general for Leptosporangiate Ferns (Figs. 311 
the archesporial cell is usually of tetrahedral form, but from the first it 
is of relatively small size, while the tapetum, which soon divides periclinally 
into two layers, grows rapidly. The outer wall remains a single layer of 
cells, but the cells divide freely by anticlinal walls so that in the mature 
state the sporangia] wall consists of very numerous cells (Figs. 31 1 d, j\ 
The annulus soon becomes differentiated^ and it appears that part of the 
annulus ow'es its origin to the cap^cell, but the larger part to the lateral 
segments^ The outer layer of the tapetum with occasional supernumerary 
cells near the attachment of the stalk remains small, and forms a narrow 
inner investment of the wall ; it is permanent for a considerable time, 
and traces of it may be found even in the mature sporangium. The inner 
tapetal cells enlarge greatly, and often become polynucleate j their pro- 
toplasm becomes aggregated, with the nuclei in close proximity to the 
sporogenous mass (Figs, jii j\ k\ while the cell-walls become absorbed. 
The definitive archesporial cell in 6 '. fi&billaia undergoes successive 
divisions (Figs. 31 1 but the divisions are continued beyond the limited 

number usual for Leptosporangiate Ferns; the result is a very considerable 
cell-mass, so that a single vertical section through a sporogenous group of 
an average sporangium may traverse as many as 46 spore-mother-cells 
(Fig. 311 /) ; 45 w^as found to be the mean of countings in sections 
through eight different sporangia. A section through a sporangium parallel 
to the surface of the leaf may traverse even a larger number, as in the 
sporangium of Fig. 31 1 where 66 are shown in sectioOn This difference 
may be in part due to the section traversing the curved sporogenous 
mass obliquely, but this explanation will not account completely for the 
variation in ri umber. Any one section will only traverse about one-eighth 
of the whole number of sporogenous cells, thus there will be about 
45x8 — 360 spore-mother-cells In a single sporangium, and the potential 
output of spores may be estimated at about 360x4=1440. Comparing 
this with the case of ordinary Leptosporangiate Ferns, it is plain that the 
potential productiveness of an average sporangium of GL is far 



GLEICHENIACEAK 


in advance of the latter. C. dith&tffma showfi individual flucUialions in 
size of tlie sporogenous group, while the number of spore-mother-cells is 
considerably below that in G. flabtilata. Subsec^uently^ the spore-moiher- 
celh separate, becoming rounded off, and undergo the usual tetrad 
division. Prior to this, the tapetal nuclei make their w^y itt among the 
developing spore-mother cel as has been described for other sporangia. 

In order to lest the results obtained from sections^ and the estimates 
of potential spore-produciion based on them, countings of the actual spores 
produced from single sporangia have been madt in various species o( 
Gl^khtnia^ with the following rcsuUs : 

GLJlahlkita, 794, 695, hS^S, 634. 

GL drdnatity 541, 245. 

67 . rup^sirisy var. ghucc±€€ni^ 220, 232, 244. 

GL heddfphyUa^ 265, 273, 

GL dkhoimna^ 251, 319. 

Prom the figures it appears that the output is very irregular, hut consider- 
ably in excess of that in most Leptosporangiate Ferns ; that the high 
estimated number in 67 , JhihUata is not actually attained ^ and that though 
in the four latter species the numbers approximate to 256, that figure is 
liable to be exceeded. That the actual figure in 67 . fiabsUata falls below 
the estimate may be accounted for partly by the abortion of some spore- 
mother-cells, or young spores, of which there is evidence ; partly by errors 
in counting such large numbers; but It may also be due to the number 
of spore-mother-cells being inconstant, or being actually not so large as 
the estimate, which is necessarily only a rough one \ another reason, for 
the deficiency is the frequently incomplete division of the spores of single 
tetrads. There is no exact proportion between the size of the individual 
sporangium and its outjiut of spores in this genus as a whole. 67 . drdmtta^ 
with its large sporangium, has a smaller oui[>ut than 67 . jhibdhta^ of 
which the sporangium is a inedium si/e. It is, however, to be noted that 
the spores in the latter s|x;c]es arc smaller ihan in the former. 

The dehiscence of the sporangium takes place by a sHl In the mcdbi^ 
radial plane; the annulus, which is continuous all round, except along 
the line of rupture, becomes gradually straightened on drying, or even 
everted, the whole sporangium thus widening laterally so as to elbow 
aside the oiher sporangia in cases where these are numerou^y. 'J'hen a 
sudden jerk on both sides of the sill throws the spores out, right and 
left. Plainly, iliis mode of dehiscence requires lateral spaee, to allow of 
the widening before the jerk, and it is thus ilhsultcd for a crowded sorus. 
Its existence here indicates that the (ilekheniaceae are in the upgrade, 
not in the downgrade, of soral complexity. "[1ie facts point to the radiate- 
umseriate type of sorus as being the primitive state, while the .spore- numbei^ 
would indicate that of the species examined, 6. In which tlial 

type of soTus is represenied in its moisi regular form, is probably the most 
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primitive. It will be seen that this species has a stelar structure of the axis 
of a type which also indicates its relatively primitive character in the genus. 

The sorns of from the upper Carboniferous corresponds 

in its arrangement to that of Gkicheniti (Fig. 312). 0 . Gylhieri and 

Hmhaemdc^ show uni seriate sori with varying number of the sporangia, 
as in G. fitxbeihtM \ but ( 9 . has accessory sporangia occupying 
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Ir 0/fg^‘ar/n\t Jlrini^aiiirtii\ Slur, .r = *si*rllc ; fcrule piiMtlLk (J) ; tr=[i wru* 
more str-ongly (Afisr Siur.)! 1 1, = ( wo Sflfi of the s,itnc speiriesr (j^ficr 

ZeillcTO HI. OHgPCJtr^ia Oitt&ien\ Glipp. A=jpMLllon of the sort on * segment ul 
the last ardor. Xjo. suafiis. Kfra. (Afier Slur.) IV. 

(Ell.), Slur. of the aori orv a se^riUtnl Ofthe Inst order. Xju- jff=a sorus. 

spora-ncium, xfio, (After Stuir, from Vdoini's 4.) 


the centre of the sorus, as in dichot&fna. There is, however, a difference 
of opinion as to the annulus, and it is upon this that the ultimate deter- 
mination must rest : Zeiller recognises an annulus similar to that of the 
Gleicheniaceae ; but Sol ms Laubach ^ does not assent to this, asserting 
that the supposed annulus is due to an effect of lighting of the specimen 
under observation, Zeiller nevertheless adheres to his opinion.^ Whatever 


^ b'itsitl Boi&ny\ p, 146^ 

^Potonie, L^hrbtuh^ p. 102. Mr. Kiilsion has shown mt specimens of 
CuthieH in which the line of dehiscence was clearly seen running radially down the 
central face of the spoiangium. The annulus could not be reduced lo a single row of 
cells. Probably the type had a pluriseTiate annulus like other Palaeo?joic Ferns (com^re 
Kidaton, Phil Trans., Scr. B, vol. 19S, p. 18S j also Scott, Prs^ssas Rci BAfanifsty 
vt>L i,, p. 1S4). It mayT however, be remarked that a division of the cells of the annulus 
appears as an occasional irregularity in sporangia of living species of Gkifhema, a distant 
suggestion of a pluriseriate annulus in the ancestry. 
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be the final decision on this point, it is dear that sori of the same type 
as those of GigiiAe/i/a existed at the Carboniferous period, and that in size 
and form the constituent sporangia were like those seen in the living 
species. 


Anatomy, 

rbere is greater uniformity of anatomical structure in the Gleicheniaceae 
than in the Scbiiaeaceae ; but still there are marked dilTerences within 
the family which have a probable phyletic bearing when placed in relation 
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to Other characters.' In the majority of spedes the rhUoine shows in 
the interiiodes a centrally placed, solid stde (protostele), consisting f>f a 
central mass of xylem composed of tracheides and parenchyma, and 
surrounded by a continuous rir’ig of jihlocm, pericycle, and endodermis 
(!■% 3*3 a). There is thus a general resemblance to the structure of the 
rhi/ome of Ly^&dium ; ljut a point of difference is that whereas in L^g^fdium 
there is no typical prolo?tylem, in Gi£i£h€mo the [>rotoxylem is represented 
by several distinct groups of spiral elements, which are me=arch. 'fhe 
tracheides of the xylem arc arranged in chains and groups .separated by 
parenchyma : in fact the structure as seen in G. jUbdhin is strikingly 
like that of Lygodiunu except in the matter of tlie iirotoxylcm. In several 

'^Tht <]ala here cinlwditfcl are th icily derived from roiraish, Ann. NtU. h${. 

7 S^Jrie, T, xvjjit, p. 170, (itc. , and fifoiti Hoodie, Arirtt p/ /jftw'., voL x\'. ,, p.. 70J. 
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species the ?{ylem-core is fluted^ the protoxylenis being mesarch in it& 
slightly projecting ridges. The only other widely different type of structure 
found in the genus U the solenostelic^ which has been observed in 

alone ; here the stele is larger than in any other species which 
have been examined : in addition to the structure as described the centre 
of tl^e fluted xylein is replaced by a mass of sclerenchyma, surrounded by 
a ring of endodermis, perlcyclej phloenij and conjunctive parenchyma 
(Fig. 31J13). Another type which takes an intermediate poshion as 
compared with those already niientioned is seen in G* {Fiatyzoftm) micrv- 
phyllum^ in which the leaves are densely crowded and polystichous on the 
rhizome. Here there is also an inner endodermis surrounding a central 
sclerenchyma, but there is no internal phloenr between the xylem and 
endodermis. 

In this last-named species the leaves are small, and the leaf-trace 
separates as a small collateral strand from the periphery of the stele 
without disturbance of the underlying tissues. This appears also to be 
the mode of origin in the seedling of the more complex G. dr€iyuxta 'y 
but in these larger leaved species the leaf-trace of the mature leaf takes 
in the petiole an almost cylindrical form bounded by an endodermis, 
with {%Ahriensia) or without Eu^kkhmia) an involution on the adaxial 
side (Fig. 314 ). Q. dkhotom^ is exceptional in %M€rknda in having 
no involution. The whole petiolar bundle may be regarded as a single 
flat ribbon widened laterally^ but closely compressed and crumpled so as 
to take a Cylindrical form : in that case the condition of g Mertensia with 
the endodermal involution would be more primitive than %Eugkuhmia 
where there is none. But G- duJwtoma is an exception in the latter 
section, showing the more advanced state. 

I'he node of insertion of these larger leaf traces may be marked by 
complications, islands of tissue (composed of phloem, endodermis, and 
sclerenchymaj appearing in the xylem of the stele as cut transversely: 
these correspond actually to pocket-like encroachments of those tissues, 
extending down from the centre of the petiolar trace into the stele of the 
axis. Such pockets are only slightly developed in Eiigkkhenia^ but more 
so in Mertmsia^ and especially so in 6 ^ dkhoioma^ which leads suggestively 
on towards the continuous solenostely seen in G. They have 

their relation to the theory of stelar structure, and on the facts two views 
are possible ; either that the protostelJc condition of most Gkkhmias is 
primitive, and that the sbienostelic type has been derived from It, or that 
the protostelic Gkkhenias might be regarded as showing the reduced 
remnants of a previous solenostelic structure. The former view appears 
the more probable : In the first place the seedling is protostelic, and offers 
no suggestion of reduction to produce that primitive state : analogy with 
tyi&dium corroborates this, Further, the nodal pockets may naturaHy 
be held to be local complications of the stele, directly connected with 
the insertion of the peculiarly complicated leaf-trace of an unusually 
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(Jevcloped If.if ' ihv forniaiioii tjf ttiL- tiiort: luiiky [K>rl;ei>, nirid ilicir 
conunii^ition ihrou^liom the iiUL^rruHie would the ^iokuio^iulir smjotiiiT. 
Lastly, tliL' most comfdi'x sidar sioio is seen m (t\ iikhoi.mf} and 
specie.’, whieli in the it'iarjcter e>f the leaL of tlie soriK aiui 

sporanjtiitcn, are aherraiu I’ronii the rest of the ;^emis, niul havi^ lieen 
recognised as showing advance towards the ryatlieaeeotts type. Tluise 
several ^ronnds tndirale ihal an evoUit ionary ]>rt>“ie'.sion rattier than a 
ret ro]^ res si on is iUiistrateti in (he j'eniis^ frcmi a [irc Hostel Ir lo u '.olenosleittr 
structure- 



I I III. 


■J Nil- Im^t .K shv ji^IipjIh- f,\ ( /pV/. j. ..,r tfiitfit-.f, ai-.-inLlli; eIh 

fi>Liic!,.-^Eirlr,i Mrunnij*; n'-iilllii,; 3l -In ■ =.nli,L4*Hin -rf | h,; h,ii-. ■,|„h-.;,LL- Lill il - 

hn^l-ir.- fo’.-. p.i U ■.. IrStii itnii.ii Sy ^ djih - V.iLii;li;i|,. 

i. 

P 

}hn lastly, there is the case ol' C. ( IStn^ElEr 
Mili^ests tiiat liiis is a serojjhytirally rednp’<-d Uir\u, in wldeii liu: leaJ- 
traftrs have heroine smalt and rujwded, and tliai it is Jirolnihlv di'iived 
from n soleiiostelir (onij hy ohliteraiion of (li(‘ leal i^ap.s lukI ilisjppear ant 
of the interi>al fjliioem. hut his :i|lr'rnative suj^i;estion, that it may have 

i>Ltn di riveti a faotosleiir iikh'hi fuu, and iis stnj( title be tiue to 

tiu' new lorinatioi] of a pith ainj internal eiidudei mis. a|jj3ears iJic sniipler 
as well as llie more proktble. m tfie rase of an ii[iri^ht jjtant with closely 
< iovvded leaves. Kor ii niiist he remembered that tlii’» was liie t ondititjii 
<j| the shoot eommotr for primillve I'leridopfiytes. 


5^4 


FI Lie ALES 


EMlJRVOL0(iV. 

The development of the embryo appears to follow the type usual for 
Leptosporangiaie Ferns, but the details are not adequately known.^ 

The Palaeophytological evidence coupled with the anatomical and soral 
characters indicates for the Gleicheniaceae a position among relatively 
primitive Ferns* The comparative examination of Che living species leads 
to the recognition of flaUUafa as a central type* This is not so much 
suggested by the external form, as by the sorus, the stelar structure, the 
relatively simple insertion of the leaf-trace, and the non-involuted strand 
of the petiole* This species also shows the largest spore*output per 
sporangium observed in the family* There has probably been a line of 
diminution of the individual pinnules to produce the condition seen in 
^ Eugkkhetiia^ together with a reduction in number of the sporangia in 
the sorus, leading to a type of monangial sorus similar to that of the 
Schij.aeaceae, A line of probable advance has been to such forms as 
G. pectinata and dkhof&inn ; for not only do these species show interpo- 
lation of extra sporangia in the sorus, together with smaller sporangia 
and diminished output per sporangium, but also they are anatomically 
more complex- This is specially shown by the large nodal pockets of 
G* dichoioma^ and ultimately by the continuous solenostely seen in 
pt^iinaia. In both respects these species indicate changes from the central 
type in the direction of Cyatheaceous characters* 

MATONIWKAE. 

"I'his family- is represented by only two species of living Ferns, Mafoftia 
pafki^fa and M. sarmentQsa^ both of limited distribution in the Malayan 
region. But Ferns referred to this affinity on the characters of leaf and 
fructification played a prominent part in the vegetation of the Secondary 
Rocks, and have been traced back as far as the Rhaetic period i this 
fact accords with the unmistakable analogies which they show to the 
Gleicheniaceae. 

The two living species differ in habit: M. petltmita is a stouh ground- 
growing species, with elongated creeping rhizome, covered with filamentous 
hairs, and branching in an apparently dichotomous manner. It bears 
solitary leaves at considerable distances apart on its upper surface. 
These grow to a height of 6 to 8 feet^ and have a very characteristic pedate 
construction of the lamina, which is referable to a dichotomous system 
of branching {Fig* 315): even the “middle lobe," which often appears 

^Rawenhoff, Arth. NiirL^ T. xxiv., p. 223. 

*The chief sources of information have Lecti Na.ttir, Pfiamunfam.^ i* a*, p- 3+3 E 
Seward, FhiL voh 151, p. 171 j Tansley and Lulhani, Ann* voL 

six., p* 475, and my own Siudks^ iv., p. 44. 



MATONINEAK 


565 


to hold a terminal position, has been recognised as the inner branch of 
the second die ho to my ► The segments themselves are pinnatihd^ and the 
solitary sort are borne on their wings at points near to the midrib. The 
other species, M, grows on rooks or on the brandies of trees, 

with straggling, pendent leaves: at first sight the branching of the leaf 
seems quite different from that of *1/. peciitmki ; but this is due partly to 
the unequal development of the dichotomies, certain of the branches being 
represented only by arrested buds : partly it is due to their sympodial 
concatenation; but stilt the dichotomous branching appears to hold for 
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both. An interesting feature in this species is that the sort are borne in 
larger numbers, forming a row on either side of the distal part of the 
pinnule; an arrangement more closely resembling that in GkidHmn than 
that of M. ^’lle structure of the sorus is, however, precisely 

like that in M. palimitai and there is no doubt of the close alliance of 
the two species, 

Si'ORK-pRonuctNO Mkmijkks, 

The general structure of the mature sorus is welt know n ; the sporangia, 
commonly six to nine in number, form a simple ring like series round the 
receptacle, and are covered dll maturity by the thick and leathery hemi- 
spherical indusium, which is ultimately deciduous. The orientation of 
the sporangia is not exactly umforiii ; that of the majority is as in Giekhada^ 
but many have the annulus inclined, a consequence probably of crowding- 
this is seen also in the fossil Lacc<^pftrls. The annulus is Incomplete at 
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one side, an ill-defined lateral stomium being present* while the rupture 
is by a lateral slit, opened by the straightening annulus (Fig. 316). 

The sorus originates as a smooth upgrowth from the lower surface of the 
pinnule, opposite a nerve, a considerable number of cells being involved 

from the first; no definite mode of segmentation 
has been recognised (Fig. 317 f). As develop- 
ment proceedst the margin of the upgrowth 
extends all round, as the overarching indusium 
(4 i) ; this, undergoing a somewhat regular seg- 
mentation by anticlinal walls, curves so as to 
cover in the sporangia which arise below" (^,, Fig. 
317 f) ; the indusium thus precedes the appear- 
ance of the sporangia* as in many other indusiate 
Ferns. The sporangia originate from single cells, 
which have commonly a square base* though it 
may be a question whether this is always so. 
s=“r 3 “r'"'‘’' The segmentation is by walls inclined to one 

another; the first wall is usually on the side next 
to the leaf-surface, and meets one of the lateral walls of the parent cell ; 
then follow three other inclined walls, and the segments thus produced 
surround a central triangular wedge-shaped cell, from which finally the 
cap’Cell is cut off in the usual way (Fig, 317 e). 

The further segmentation of the central cell follows the course usual 
for Leptosporangiate Ferns; a double tapetum is formed (Fig. 317 
which the inner cells become greatly enlarged* and their nuclei* clustering 
round the sporogenous group of cells, and undergoing fragmentation, 
present an appearance very like that in Qi^i^henia ; the archesporium 
divides into 16 sp 01 e-mother-cells, and the typical number of spores seems 
to be 64 ; countings of mature spores gave figures between 48 and 64 as 
the produce of single sporangia. Sections of sporangia, when cut so as 
to traverse the annulus throughout its course* show the wall as a single 
layer, but composed of more numerous cells than is the case in many 
of the Leptosporangiate Ferns (Fig, 317 X>) ; this is also brought out 
plainly in views of the mature sporangia from without (Figs. 317 a, b, c). 
It may be noted further that the stalk, which remains very short* is 
rather massive, and consists of a peripheral series of six or seven cells, 
surrounding a central cell (Fig. 317 a), which corresponds to the structure 
of the stalk in the massive sporangia in Gkkhenia and Osmutid^^ 

The mature sporangium is a body of rather irregular and variable 
form, owing apparently to pressures in the developing sorus. The annulus 
is incomplete and variable in position ; it consists of a series of large 
cells, 20 or more in number, which takes au oblique and sinuous course, 
corresponding in the main to that in Gkkheni^. The sporangia are 
liable to be tilted right or left, as shown in Fig, 317 B, which represents 
two sporangia in siiu^ as seen from the side facing the indusiura. 




MATONINEAE 


567 

Sporangia in which the annulus is not tilled are shown in Figs. 317 Ai t ; 
from these it will be seen that the annulns starts dose to the stalk ; it 
first curves downwards towards the basiscopic side of the sporangium, 
then circling round it, curves upwards, the highest point being reached 
at the distal end of the sporangium ; passing this it again curves down 
wards towards the basiscopic side, and stops short at some distance from 
the stalk ; it is at this point that the dehiscence takes place, but though 
the cells immediately beyond the end of the annulus may show some 
regularity of division, there is in no highly specialised slomium 

as is the case in most LeptosporangEate Ferns. Fig. 317 (the central 
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figure) shows the rupture; it also shows n case of the annulus stopping 
short of the stalk on either side, and that there is not here any 
conLinuous series of non-indurated cells, such as that seen in /.oASfwta. 

Thus A/a/fmia has a sporangium with a short and massive stalk and 
a large head, in which the annulus is not of a highly specialised, nor 
even of a constant type, though in its main features it corresponds to 
that of the Gleicheniaceae, It differs here, however, in its variability, 
its lateral dehiscence, and in the comparatively small output of spores. 

Of the fossil Matonincae the sori are best known in which 

Ib practically identical with Matonia in the sis^e, disposition, and structure 
of the sporangia and spores, but differs in having apparently no indusium 
(Fig. 31S). Probably, however, the sort of Mat&mdium and of Mur^diiiymi 
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were indusiate^ as In Alatofutt Itselfr 7 he difference does not seem to 
be an essentia! one^ and in face of the correspondence of the Ferns in 

question in other respects It 
cannot be held to inyalidate 
the reference of these, and of 
certain other Mesozoic Ferns 
to the family of the Maton- 
ineae. 

Anatomy. 

The mature rhizome of 
Maionia shows the most com- 
plicated solenosteUc structure 
known in Ferns : in the young 
stem, however, simpler condi- 
tions are found which suggest 
how the finat condition was probably arrived at- In the most complex 
rhuomes three concentric vascular rings may be found embedded in 
parenchyma, and each showing the typical solenostelic structure. Each is 
limited externally and internally by an endodermis and pericycle, while 
between these in each is a continuous ring of xylem^ with phloem on either 
side of it. The arrangement of this solenostelic structure is represented 
diagrammatically in Fig, 319, together with its connections with the leaf- 
trace. The latter is in these Ferns one continuous band, with involuted 
margins, which are shown in Fig. 319 C: this drawing also indicates that 
foliar gaps occur, and shows how the leaf-trace is directly continuous with 
the outer and middle of the concentric rings at the node. There may also 
be a connection with the inner ring ; but this occurs at some little distance 
from the actual node, and so is not shown in the drawing. The result 
is that the whole system is connected, but only at intervals of its whole 
length, while there is also connection through the leaf-gaps between the 
parenchymatous tracts in which the cylinders are embedded. 

The ontogeny gives the suggestion how this complicated stiucture is 
to be placed in relation to that of other Ferns- The young axis contains 
at first a slender protostele; but this simple stele soon expands, and a 
strand of phloem appears in the midst of the xylem. This internal phloem 
appears to be a phloem-pocket decurrent from the adaxial surface of the 
second leaf, but there is as yet no true leaf-gap. The stele soon widens 
into a solenostele with internal endodermis and central parenchyma. 
Meanwhile at the nodes a ridge of xylem projects internally, which becomes 
more prominent at subsequent nodes, and is continued forwards into the 
inter node further and further at successive nodes, till that of one node 
eventually connects with a similar xylem-dilatation of the next node 
(Eig^SigA). A continuous central strand is thus produced, which is 
connected at the nodes with the outer cylinder. 
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Ihe process thus described may then be repealed in lhal central strand : 


it becomes cylindrical^ forming the 
connected ai the nodes with the foliar 
system (Fig. 319 li), and a fresh central 
strand originates internally from it : 
this in its turn becomes cylindrical 
in the most advanced types, but still 
maintains its connection with the 
middle and outer rings in the neigh- 
bourhood of the nodes. The whole 
development is in fact an extreme 
type of the progression described by 
Gwynne-V'^aughan in other solenostelic 
Ferns.^ He show^ed how an internal 
vascular system may arise by progres- 
sive elaboration from a local thickening 
of the margin of the leaf gap of the 
original solenostele. In Afutonia this 
development is the same, but it may 
be twice repeated. 

It is indicated by the [jalaeophy- 
tological evidence that while the 
Matonia-typc is an ancient one it is 
not among the earliest. Thii^ accords 
with the soral and anatomical char- 
acters ■ for the sorus, though of the 
Gleicheniaceous type^ and still form- 
ing its sporangia simultaneously as in 
other Simplices, sliows an advanced 
feature in the indusium, as also in 
the lateral dehiscence, and small 
spore-output, AnatoEiiically the indi- 
cations are of the .same nature : 
AhUoma accords with G* in 

the solenostelic structure, but carries 
that line of elaboration much further. 
Finally, in the rhi/omic habit and in 


second vascular ring, which is still 



Kif.. 3.1 qi. 

^ tfoin wjlv ihihFcIs rt[ 

ilie s>>tein, ^4 -fron^ 4 younj- 

hkhIc. .in. olcter M^ni. iFiout-inj; nojk ^cl-il 

frtijH f=s[jll ulnlflr Itixlc, rrr>iii in 

fruiil. <K[o. (Afici I'misky JiiuF 

LkillkLim.) 


the branching of the leaf there appears to be further similarity: there is 
indeed sufficient reason to regard the Matonineae as a family related to 
the Gldcheniaceae, but advanced in several respects beyond that type, 
ill directions which are represented more fully in other series of Ferns. 


a/ Kvii., |j. 70 j,. 
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Th& Ferns so far described, however different in detail^ all correspond in 
producing those sporangia that ate in near juxtaposition : 

the sporangia themselves are of large si^e, with short, usually massive 
Stalks, The output of spores per sporangium is commonly in excess of 
that in other Leptosporangiate Ferns. is, liowever, an exception 

to this, having not more than 64 spores : as also in its dehiscence, which 
is lateral, while in all the rest it is in a median plane^ But notwithstanding 
these discrepancies, in the fact that the sporangia are simultaneously 
produced, as well as in other features, the Matonineae find their natural 
place with those Ferns which have been styled the Simplices, 

We shall now proceed to types in which the sporangia appear not 
simuUaneouslyj but in basipetal succession : these have been styled the 
Ciradatae. In them the position of the sorus may var}', as indeed it does 
in those with simultaneous sporangia ; while the Marattiaceae, Gleicheniaceae, 
and Matonineae have superficial sori, the sporangia of the Schi^aeaceae 
may be marginal : in the Osmundaceae the sporangia may be on the lower 
surface only (Zwfffr) or cover both surfaces and margins {Osf/if^Nda). So 
also we shall find similar variations of position in the basipetal sori : the 
I.oxsoniaceae, Hymenophyllaceae, DicksonSeae, and Dennstaedtiinae all have 
marginal sori, while in the Cyatheaceae they are superficial. Such difference 
of position may serve as a useful character separating the tribes, but need 
not in any way vitiate our comparisons. In other words, the method of 
internal arrangement of the sorus is to be estimated as a more important 
character than the exact position which the sorus holds upon the leaf 
which bears itn It will be seen that Avhile the .basipetal succession in the 
sorus is taken as the defit^ing character of the Gradatae, other characters 
indicate a higher position, but none with the same distinctness, and in 
many features these Ferns resemble the Simplices* There is reason to 
think, therefore, * that they originated from some similar common stock, 
but adopted the basipetal succession of sporangia at a relatively late stage- 
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This is biologically probable, since the successive development lias the 
advantage of producing a large spore-output, while the physiological drain 
would thus be spread uniformly over a long period of time. 

LOXSOMACEAE. 

This family is represented only by the single species L{LXs/?f/ia Cun/ii^fx- 
hami, Br., native in New Zealand. It unites in itself characters of several 
distinct tribes of Ferns* and as a conser|ueiKe its systematic position has 
been difficult to fix. It has the habit of a coriaceous Dkkmtm or tjf a 
DavaUia^ and a sorus like Truhomams ; but it differs from all of these 
in having a dehiscence of the sporangia in a median plane. This combina- 
tion of characters has ted to its being variously placed by different 
systeniatists. It is best regarded as the sole representative of a distinct 
tribe, and its natural position appears to be about the limit between the 
Simplices and the Gradatae* in a phyletk line which leads towards the 
Hymenophyllaceae and Dicksonieae 

Z. Cunninghami is an elegant Fern* with elongated, creeping rhizome, 
bearing irregularly disposed roots, and at intervals of about an inch firm 
coriaceous leaves> one to two feet high, which are glabrous, twice or 
thrice pinnate, and glaucous beneath. The sori are marginal, each seated 
upon the ending of one of the simple or branched veins. 'I’here is a basal 
cup-shaped indusium, with an entire rim : it stitrounds the receptacle, 
which is columnar, and bears nunteroiis fluffy liairs interspersed among 
sporangia, which originate in a basipetal succession. I’he whole appearance 
of the Fen^ is very like some of the creeping species of Dkksatfh or 
Davailia. 

1 am not aware of any fossils having been attributed to this faiiiily. 


Si'OkE'Pkoducing 

A vertical section through a sorus of medium age shows, as in Fig. j2o i:, 
the short receptacle, sporangia, and hairs, all of vi'hich are included witliin 
the cup-like indusiuni ; there is an obvious basipetal seijuence of the 
sporangia. The orientation of the s[3orangia relatively to the centre of 
the sorus is constant* on the Gleicheniaceous type. The pear-shaped 
sporangia, which rise obliquely upwards, have a com |>] etc annulus* as is 
shown in Fig, 3200* which represents the “peripherar’ face; but though 
the complete scries of cells of the ring can usually be traced, the induration 
of the walls is very unequal ; commonly the cells of the distal half are 
enlarged, and their walls thickened ; these are mechanically functional, 
while the lower part may be composed of thinner-walled cells* sometEmeii 
slightly or irregularly thickened, but usually not differing from the rest 
of the cells of the wall, except m their form and arrangement. This is 
shown in side view' in Fig, 330c. If we compare Figs, c and n with drawings 
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of Gkfc/iema, it is pbin tliat the sporangia are of the same type, as regards- 
the position of tlie annulus, though differing in the details \ or the comparison 
might be extended to the SchiKaeaceae on the one hat^d, or the Hymeno- 
phyllaceae on the other, as regards the position of the annulus. ■ 

rhe longitudinal slit of dehiscence traverses the distal part of the 
annulus, following the median plane of the sporangium, and may extend 

some distance down its peri- 
pheral side, so that it faces 
outwards from the receptacle. 
The orientation of the spor- 
angia being strictly upon the 
Gleicheniaceous type, it ap' 
pears that the main difference 
is that, while maintaining the 
same position of the annul us, 
the slit gapes towards the 
peripheral face of the spor- 
angium rather than on the 
central side of it. There is no 
differentiation of a siomium, 
but the rupture occurs regu- 
larly at the distal end 
Fig. 320 d). The portions of 
the annulus on either side of 
the slit straighten as they dry 
and curve outwards in the 
usual way ; they may even 
become reflexed, tear Eng away 
irregularly from the rest of 
the wall, or carrying frag- 
ments of it outw'ards; in this 
state the two flaps may appear 
like the covers of an open 
book. As the induration 
stops short about half-way 
down the side, the general 
form of the sporangium 15 
not altered by the dehiscence, so as to press upon or displace neighbouring 
sporangia ; in fact, no elbow-room is required, as in Gkkhtnia^ and this 
Is a distinct advantage in a sorus where sporangia are numerous ; in this 
we may perhaps see the rali&nmh of the incomplete annulus. No sudden 
jerks of the annulus have been observed, nor would such jerks be very 
efficient, since the majority of the spores lie below the flaps of the annvilus ; 
the shedding of the spores seems to be mainly on the principle of the 
pepper-box. 


A n 
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The receptacle performs an importaivt part in connection with dispersal 
At first it is short, so that the sporangia are all included within the indusiuni 
(Fig. 320 e), and thisps so till the oldest sporangia are matnre ; an Inter- 
calary growth then takes place at the base of the receptaclci the thin- 
walled cells above the terminal mass of trachelds (/r.) become greatly 
elongated (Fag. 320 a), forming a sort of psendopodium (/fsX upon which 
the sporangia are raised so as to project beyond the lip of the protective 
indusium, and are thus free to scatter their spores. I'he arrangement is 
similar to that seen in the Hymenophyllaceacj but in the pseudo- 

podium is formed Independently of the long-continued formation of a 
series of sporangia. 

The sporangium makes its first appearance as a massive deeply sunk 
cell near the base of the groove between the receptacle (r) and the 
indusium (/W,) (Fig. 3201?) : the first segmentation in it passes down to 
the base of the cell, as In the Schizaeaceae and some other Slmplices ; the 
later ones cut the previous wall (obliquely, and thus a three-angled conical 
cell Is surrounded by three lateral segments. The cap-division, and 
segmentations forming the tapetum take place in the usual way ; the inner 
series of tapetal cells enlarge considerably, and become polyniicicate, thus 
resembling other large sporangial types. 'I he definite sporogenoxis group is 
composed of 16 spore-LUOther-cells, which undergo a tetrad division to give 
typically 64 large spcires. 

AnatO-Mv.' 

The chief point of anatomical intere.st is the structure of the stele of 
the stem : a transverse section of an internode shows a typical solenostele^ 
with phloemt pericycle, and 
endodermis, both outside 
and inside of the continu- 
ous rii^g of xylem. The 
proloxylem elements are all 
scalariform, and are not 
localised into groups, but 
are distributed around the 
periphery of the solcnostele. 

Where a leaf-trace is given 
off the tube of the stele 
opens, forming a foliar gap 
on the acroscopic side^ 

The leaf-trace itself consists 
of a single vascular strand, 
showing the horse-shoe outline in transverse section (Fig. 321). An unusual 
feature is the occurrence of islets of parenchyma in the sclerenchymatons 
masses of the stem* a peculiarity shared with certain speciu.s of 

* G Wynne -Vnugh an, Ann^ , vtA. sv. , p. 71+ 



i ui. jj,. 

/rfl.ifiiiitif stlujivinK ilir fuPiiri isf Ulc 

A>'>1.tnL at trii: -Ijf [lie rlij/.jiPK-F f t ^ = 

depnriilijj Ic.'Lr-EtACci ^ I htf arri>v^ |hijauh ichu-jjrij (fi¥ 

aptx ijif like ihJjijiite. Xlvi'yiiiki;- V;i.itktlkbi].) 



574 


FILICALES 


These features indicate that Loxs^/fm is more nearly related anatomically 
to the Dicksonieae and DennstaedtSinae than to any other family of 
Ferns ; but a reasonable analogy is also to be found with the more 
advanced species of Gkkhcnta : the solenostelic structure seen in 
pectinaia as well as the origin of its foliar trace are points for comparisorij 
while structural affinities of a more remote itature are also indicated with 
the Schi£aeaceae and Hymenophyllaceae< 

It thus appears that Lox^oma is a generalised type, while its rare 
and local occurrence countenances this view. In habit it shows similarity 
to such genera as T>eunstacdih^ Afkyokpia^ and Davullia^ a comparison 
which finds support in the anatomy of the vascular system t not only do 
the habit and anatomy support this, but also the form of indusium and 
receptacle, and the basi petal succession and orientation of the sporangia. 
An afhnity with the Hymenophyllaceae is also unmistakable, but probably 
not so close as has often been assumed : against it are the texture of the 
leaf, the mode of dehiscence and the structure of the sporangium, 
and the low output of the very large spores : in any case the alhnity 
is with the less six^cialised types HymenophyUnm dihitatum') rather 

than the more specialised {p.g. Trichomonas), The sporaEigium, and its 
annulus and dehiscence point clearly towards the Gleicheniaceae and 
Schizaeaceae ; and though the habit of the leaf is different from these 
Ferns, the structure of the creepitig rh]?.ome shows a certain resemblance. 
The similarity of position of the annulus, and constancy of orientation 
are important, especially when taken with the very peculiar facts of induratiom 
For, as we have seen, the distal side of the annulus is indurated, while 
the proximal can still be folloived, though it is commonly thin'Walledj 
but occasionally single cells, or groups of cells, of the proximal side are 
also indurated : these cannot be functionally active, since they do not 
form a connected serleSn In them I think we can only see a decadent 
vestige of a completely indurated annulus, and conclude that Loxsoma was 
derived from ancestors with a complete oblique annulus, probably with 
a median dehiscence. Such ancestry might be found in the neighbourhood 
of Gkkhcma. In GL dkhotoma we have a type in which the sporangium 
and the sorus are similar m their main character. If we imagine these 
sori to be marginal (as they are in Lygodium)^ surrounded by a cup like 
annulus which is already suggested in some Gkkhimos^ with the annulus 
modified as explained above to suit the more crowded sorus, and with a 
smaller number of spores, balanced by a larger number of sporangia 
produced in basi petal order, the sorus of Loxsonn^ would be before us. It 
is not suggested that any living Gkkhtnia was a progenitor of 
but Loxsoma appears to be a link connecting the Gkkhcnia Schisaeo 
affinity with the type of Dennsirndtia and Microkpio. It should be 
regarded as the sole representative of a distinct tribe e the attempt should 
not be made to force it into any other tribe of living Ferns. 



Habit f/, 
VVjll 


WiJAj i^rtnr, Cai\ // = liiMfaiufri, , f 

tA^tcr Sa^J^ltck, fruin ^Ln^Eirr iirni Praitll, JS'aA fyfiiHZf>i/ttfn.\ 

cliiefl}' in mnfst and shaded spots throughout tht* tropics 
as stra£|glcrs ncirthwards, though more freely to the south, 
a special centre of their distribution in New Zealand. 


they cMeiui 
and there is 


HYMENOPHYLLACEAE 


H V^r ENOPI I V LLACE A I 


l*his family includes only the two genera, I/jmenop/iv^/um and 
mattes-i but each is represented a large number of species, distribtited 
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The shoot is soinetimo!> upright aiid radial, with leaves showing §ths 
phyllotaxist as in some species of Trich^mattcs \ or more commonly 
creeping and dorsivenirai, with the leaves arranged distichously, with 
elongated internodes, as in many species of Tndiomams^ and all of 
Nymemphyihim From the axis nuinerons scattered roots arise in most 
species, but in son^e, and especially in the section HemiphUhittm of 
Tvkhomans}^ no advcntiticms roots are formed, leafless branches of the 
rhizome serving as substilntes. These are covered by root- hairs, which 
resemble, ho^vever, the hairs which are normally found on axis and leaf 
in the rooted species also. "J’he hairs are filamentous, and ramenU are 
absent, but peculiar scales are found in some species of Trith^manes^ and 
in some of Ihm^mphydkim of exposed habit the leaf is covered with 
a hairy felL 

'J'he leaves in son^e of the larger species {H. dilafatum^ conform 

in outline to ordinary branched Filicinean types, and are winged structures 

to the base (Fig, jaa). But in other cases the leaf may appear as a 

widened expansion of simple form, with or without a leaf stalk (Fig. 323), as 
in //, or 71 rafiforme^^xi^ It would appear probable 

that the latter are specialised and derivative forms, and they occur more 
freely in the genus TrkkOf}i<in€s^ which there is good reason to believe to 
be the more specialised genus. The leaves are translucent or ** filmy"' 
in texture, a feature that will be considered at length below* 

Axillary branches occur very generally in the Hymenophyllaceae, but 
at many nodes the rudiment of the axillary bud remains undeveloped. 

The sori are marginal in all cases ; the receptacle upon which the 

sporangia are inserted in strictly basi petal sequence is traversed by the 

direct continuation of one of the veins of the lamina ; it is surrounded 
by the cup-like indusium, which is entire in Trkhomanes^ but two lipped 
in Hymemphylhim. The sporangia vary greatly in size and productiveness, 
but have uniformly an oblique annulus and lateral dehiscence: it will 
be seen that these characters are closely related to the regular basipetal 
sequence in which they are produced upon the receptacle. 

Sori and sporangia of corresponding type have been traced back to 
early geological formations. From the upper Carboniferous, or perhaps 
even earlier, come the doubtful sporangia of HymenophyUites^ which will be 
considered in detail below, lleanw-hile it may be noted that there is 
reason tc believe the type to have been a very ancient one, 

SPORn-PRODUCINO Memekrs. 

The comparative study of the sorus of the Hymenophyllaceae leads 
to the conclusion that while these Ferns show’ the highest con^plexity 
of the receptacle, the sporangia themselves are related in character 
to more massive types, and that this will justify a systematic position 
near to the Loxsomaceae, Dicksonieae, and Gleichenlaceae on the 
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one liand, and on the other to the Osmundaceae and certain of the 
early fossilsr 1 he general con struct ion of the Hyinenophyllaceous sorus 
is well known. Majiy satisfactory dravvings are given by Presl, and 

otliei descriptive ivi iters, which show' how the 

1 sporangia with their oblique annulus are disposed 

with regularity of orientation upon the elongated 
receptacle, so that they overlap one another like 
the shields of a Roman kiiudo. 'Phe orientation 
lor each single sporangium corresponds essentially 
with that seen in Qiekkema or L&xioma. This is 
well shown for Trichomane^ in the drawing of 
Goebel (Fig. 324). The sporangia are produced in 
has i petal succession upon the more or less elongated 
receptacle. This fact is demonstrated in Fig. ‘^26fbis^ 
which' represents the young sorus of Ryffitnaphylium 
WUiiani already bearing the young sporangia (j) near 
the apex of the receptacle, while below there are clear 
indications of the active intercalary growth. The 
extent of the intercalary growth of the receptacle is 
greater in I'rkhomaries than in HymsHopkytiumi 
and the genera were by early writers distinguished 
on this ground, those with the receptacle exserted 
being ranked with the former, while those with it 
included fell into Nymenophyllum, Though this 
generic distinction will not hold accurately, still the 
general statement is correct that intercalary growth 
of the receptacle, and basi petal succession of the 
sporangia are longer continued in Trkhomam$\ it 
J is the extreme example of this mode of development 

of the soTus among Ferns, but none the less is it 
t similar in kind to that described for other Gradatae. 

' The sporangia in the Hymenophyllaceae differ 

F,c. greatly in size, between a large, almost spherical 

type, such as that of Hymeti^phyllitm diiaiatmn {Fign 
3 »s. Nos- 95. 9S. 97 . 98). and small compressed 
bodies such as are formed in many species of 
ihc Tvi”? Trkhomanes (Fig. 325, Nos. 99, too, lOi, los); 

it will be shown that with this goes a very wide 
difference in the output of spores. The large 
sporangia of Rym. diiaiaium are produced in relatively small numbers 
upon the short, but rather broad, receptacle; in size and form they are 
comparable to those of Gkkbmna drdnaia (compare Fig. 325, No- 9 Sj 
with Fig. 3ro i of Gk drchmta\ while the annulus shows a similar degree 
of obliqueness. Externally there is close similarity, excepting in the dehis- 
cence, which is lateral in Hymcnophyllum^ a position which we shall see 
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laier may be correlated with the close packing of the sporangia in the 
sorus. The view of the sporangium from the side on which dehiscence 
takes place shows that the annulus is not 


continued throughout as a distinct series 
of cells (Fig. 3:5, No. 96); but there is no 
definite group of cells of the stomium ; this 
feature is again comparable to that in G/. 
anhmia. The drawings of the central and 
peripheral faces (Fig. 325, Nos. 97, 9S) will 
complete the knowledge of the external form 
of the sporangium in this species. The 
stalk is short and rather thick^ and the 
insertion is by a rosette of cells, some six in 
number. 



For comparison with tlie sporangium of 
Hymtmphyihm, that of Tnehomium mdiams 
is represented in Fig. 325, Nos, 99-102, as seen 
from four different points of view. loi 

shows the sporangium presenting its central 
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face ; the clo.se analogy with No, 97 of Jiynu diiiUatffm is obviotis^ though it 
is -smaller in size, and with fewer cells in the annulus; hut Eluciiiations le.s.s in 


extent though similar in nature arc found in Tt. nidmun itself, the cells of 
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the annulus varying between 20 and 25, There is also a greater simplicity in 
the region of the siomium, which in Tn^homiUtei; is reprc:itnted hy two cells 
only. No. 102 represents the " |>triijheral " face, the thimwallcd region being 
surrounded by the annulua, which takes the form of a twisted hoop. J his 
twisted form is clearly shown in No. yc;, which demonstrates also the relation 
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of the sporangium 10 the receptacle, and that the distal part of the annulus 
is directed obliquely towards its apex. This being the case for all the 
sporangia, the free action of the annulus on dehiscence is assuied for each 
individual sporangium ; this may be compared with No. 95 of dilatatum. 
The stomiuin in Tr. r(idka}n Is of very simple construction : in the last of 
the drawings it is shown in surface view, with the slit of dehiscence gaping 
between the tw'o cells^ Comparing this with No. 96 of Hym. diiaiainm^ we 

see again that Trichomams 
^ is constructed on the same 

i ^ general plam Cff which it ap' 

pears as a simplified edition. 

'^J’he origin of the spor- 
angium has been followed 
by Pranll ’ in Trkh^mami 
ip<;ciosi{mf with w'hich that 
of iJymemphyilum agrees in 
essentials. The parent cell 
has a sqtiare base^ and grows 
out into a papilla, wnth seg- 
mentation according to the 
usual Leptosporangiate type; 
but it is important to notice 
that the first segmentation 
strikes the basal wall of the 
parent cell (Fig. 326)3 a con- 
dition which is seen in the 
massive sporangia of the 
Simplices rather than in the 
more advanced Ferns. 



Kic. 326. 

Tttchom<lH£i £=/’. 1rAditAnt\ [^A^H.Vv^^5 

.ficciion *f the reteptJicle, xhuwiitg «f ihe 

<Art(:r PrAntl.) 


The comparison thus suggested with the Fern-types which have latige 
sporangia U borne out by the facts which follow from enumeration of the 
spores produced* The Hymenophyllaceae show among their species a wider 
range of number of spores per sporangium than has been noted for any 
other family of Ferns : while certain (jf their species approach^ or even equal 
the high numbers of the (rlcicheniaceae, Schizaeaceae, and Osmund aceae, 
in others the number is distinctly low ; it wuU be seen that the species of 
Jfyffi^n&phyiliim give for the most part a higher output per sporangium than 
Trkh(fmanes?^ The typical number for Tunbrid^nu was found to he 
256-5(2, and for H, serkeum 256, while that of H. dilatatum and 
i.vas 128; but for six species of Trithomau^s examined the typical numbers 
varied from 32 to 64^ Trkhopmms renifarmey however, which is in many 
respects an isolated and peculiar species, has the typical number of 25^^ 
thus corresponding to Hymmophylium rather than, to its own genus. 

Seeing that in Trubomanes the usual output per sporangium is lower 


^ iiymemphyilac^tji^ p. 38^ ® For full details see StiidUs^ 11'+, p. ^4’ 
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than in Hyimn&phyihtm^ while on the other hand the receptacle is usiiall)- 
longer, and has more continued intercalary growth, the question aris.es wliethcr 
the larger number of sporangia will approximately compensate for their lou'er 
individual output A computation was made of the output per sorus in 
H. 7'unbridgeme and diiat&fum, and compared with a similar computation 
^ and ruduatis^ with the result that, notwithstanding the groat 

variations in spores per sporangium, the output per sorus appears approxi- 
matelj. umform for the cases quoted. Thus the increased length of the 
receptacle and higher number of the sporangia tends to compensate the 
smaller output per sporangium which is seen 
in its extreme form in some species of 
Trichomanes. 

Tt has been seen that in Ghidn^mo^ where 
there is a median dehiscence of tlie sporangium, 
elbow room is required for the process of 
mechanical ejection of the spores, and that this 
is only [>ossible where the sporangia are loosely 
arranged. In a crowded sorus such as that of 
the Hynienophj'ltaceae the necessary space is 
not available. In Laxsoma this difficulty is met 
by the incomplete development of the annulus, 
which then merely opens the distal end of the 
sporangium and allows the spores to be shaken 
out. But in the Hymenophyllaceae the whole 
mechanism ts altered by the adoption of the 
oblique lateral dehiscences as this is usual in 



the basipetal sori of the Gradatae it demands 
the greater atteiulon. The sporangia are placed 
relatively, to one another as seen in the diagrani 
32 7)t i*^ which the cells of the antiulus 


illuMrciEinir ihii; 

poMiiMF* i>f lilt: jji ilie; 

r^cepl.iclt in \h^ H 5.«innj|:liyJ. 

1 1 lie frLhi n 

Pnin.!l'3i jicciitin of .1 uiniurt: spor^ 
nllhiClunh fnT jf 


traversed hi the median section of the sporangium are indicated by 
heavier lines. It is plain that on dehiscence taking place laterally, the 
distal side of each annulus has freedom to alter its form independently 
of the adjoining sporangia:' the oblique position of the annulus thus 
finds a practical explanation, and is even a necessity where the sporangia 
are short-stalked ami imbricate. The dehiscence is, however, aided hy its 
occurring usually in strict basipetal scvjuencc in the Hymeno|)hy||aceae : 
after the lateral slit is formed, the annulus is first of all reflexcd, and then 
recovers with a sudden jerk, which often dislodges the whole sporangium, 
and scatters the spores. The result in Trkhoma^KS l.s that the distal 
end of the receptacle may remain bare of sporangia, an Indication of the 
extent of the intercalary growth, while young sporangia may still be found 
around its base. 


^Asb. Tiiatttr of fact ihu friieduai is grtaier tlum is nhosKn in the thi; :iuiPr:in£:ia 

(tUernate, anil sue nat disipoHil in closuly Eatltvsiichic^. 
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Various fossil fructifications from early geological formations have been 
referred to the Hymenophyllaceae with more or less reason. The Devonian 
Pahicaltttns hibcrfika may be put aside as insufficiently known, while it 
shows no distinct evidence of Hymenophyllaccous affinity : moreover, the 
presence of its stipules is against it. In HymtH<?phy!Utss Wcmii^ Sch^, 
figured by Schimper from the coal of Saarbrucken, the reference is chiefly 
upon the sorus as a whole, while the sporangia themselves were not 
distinguished, or described in detail. Perhaps the best authenticated case 
IS that of Hyintf^&phyUiks deUaUuius {= H. quadridadylik^ (Gutb. Zeiller), 
described and figured by Zeiller.^ Here the sori were borne on the distal 
ends of the pinnules : he was also able to recognise and draw the sporangia, 
with an oblique annulus, which correspond.^ very closely with that of a 
modern Filmy Fern. The original specimens were examined by Solms- 
Laubacb, who concluded that the fact is correctly stated, and no other 
ii'iterpretation of the figures is possible.- Scott, however^ remarks^ that 
the evidence as to the position of the reproductive organs on the leaf is 
not sufficient to place the affinities of these fossils beyond doubt. 

It must be admitted that the evidence of existence of Hymenophyllaceous 
fructifications from the Primary rocks is insufficient. It does not, however, 
appear essential to the position to be ascribed to the Hymenophyllaceae 
below that their early existence should be established, though their occurrence 
even in the primary rocks would readily accord with the view here enter- 
tained of their origin from the protostelic Simplices. 

Anatomy. ■* 

The most obvious structural peculiarity of the Hymenophyllaceae is the 
filmy" texture of their leaves; the lateral wings throughout are pellucid 
owing to the absence of intercellular spaces, while there are tiq stomaU 
upon therrv^ Usually the flattened region consists of only a single layer of 
cells, though in some cases, such as T, and H* di/a^atutft, 

there may be three or four layers, but still svithout intercellular spaces- 
The question naturally arises whether this filmy character is primitive or 
the result of special adaptation. In PrantFs view it was held to be primitive, 
and indicated an affinity with the Mosses ; but there are many reasons 
for rejecting this, and seeing in the simple structure a specialised and 
reduced character. It is plainly suited to the moist habitats in which the 
Hymenophyllaceae mostly live : while on the other hand quite a number 
of Ferns living in moist surroundings, but of divers affinity, show the same 
character in varying degree; it is seen in Dattaea crispa^ Endres, and in 
trichomanoid^Sy Spruce, MMS. ; but in these several layers of cells are 
present, with intercellular spaces : it is seen in various degrees in the 
L^topteris section of Todea^ and most clearly in 71 superbai also in 

Sd. ^a/., Ser. voL svi* ^ Paiueaphyteksy^ p, 157. ^Siudies, p. 2 ^ 4 ' 
*See Bot.^ kIv., p. 45*;, ivhere the literature is fulb referred to- 
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Asphnium resfdtim, Sm., and obtusipHum, JJrm. ; the existence of aixiriive 
stomata observed in some of these A. reKCium) indicates their reduced 
character. In A. oi^iusifoluim tvro varieties have been recognised, one in 
which the filniy habit is fixed, and another in whklt stomata and intercellular 
spaces occur in the larger specimens* but are sometimes quite absent in 
the smallest, the filmy forms grtnving in the dampest localities. Giesenhagen ^ 
compares the condition of the Kymenophyllaceae with that of the fixed 
filmy variety of A. ohiHSifoUum : he holds that as these plants hai'e been 
adapted to an extremely damp habitat, so also have the Hymenophyllaceae, 
and the character has become hereditary, partially so in the Asplenium 
and wholly in the Hymenophyllaceae, Finally, it has been shown 
experimentally that a thiiniiLiig of the leaf can be produced by cultivation 
under moisture and shade, even in some ordinary s[)ecies of Ferns 
{Stnlopendrium viilgart\ PkrLt aquiUm); as is so fretjuently the case also 
in plants of other affinity.- From all this it may be concluded that the 
filmy habit is secondary and adaptive. 

It would appear from their structure that H. dihkiium T yimfurmi 
are among the less specialised of the H) mcnophyllaceae* for In them both 
the leaf-ex[>ansion is more chan a single layer in thickness* a condition 
exceptional in the family. And m this connectifiii the facts of seg me notation 
of the young wings arc interesting ; in the development of the wings of 
the leaf ill ordinary Leptosporangiate Ferns the marginal celb segment 
by alternating oblique walls, but in the Kymenophylliiccac tl^e segmentation 
of the marginal cells is as a rule repeatedly transverse, Mow, in the lower 
part of the leaf of T. rtmforme, and occasionally also in //. diinhiifim the 
segmentation is by oblique alternating walls* as in the ordinary lx.^pto 
sporangiatc J'erns, while in TotUa supcrini, which is also held as filmy b}- 
reduction, there is instability between the two types, though with a pre- 
ponderance of the oblique segmentation.® These facts are further evidence 
that the filmy habit of the Hymenophyllaceae has been secondarily ac(|uired, 
while they indicate an iniennediate [josition for Todea sup^rki, and for 
/A dUaiatum and 71 reni/urmy. 

'Jhe filmy character is accompanied by structural reduction of other 
parts: thus in certain leaves pseudo-veins are present^ wluch can hardly 
he anything else than the vestigial remains of true veins no longer functional. 
Cognate with this is the fact that the root-system is reduced, and even 
entirely absent in some species. Ji may then be ex | reeled that the %ascular 
system fjf the axis aiitl loaf will also show signs of reduction as compared with 
other Fern types : an examinaLion of them shows that this surmise is correct. 

'l‘he stem of the Hymenophyllaceae is mo nos tel ic, and one kabtrace 
passes off to each leaf* while the vascular supply to the axillary hud is 

^ Idora ErgiiimtHgibandj 1 ^ 9 ?, \k 174 . 

Umu J^urit,^ voL xssv,* p. 650: J. !!► MUlroy, Trtim, AVj. Phi!, .V*,, 
Ohtiguw, v£>l. xwvii., p. 

^ iJuwer, Aim* a/ v^i-1. iii, , pp, j40-j6o. 


* /.f.* |i. 34. 
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attached to that of ihe ieaf-liaoe. I’he stele varies considerably Jn 
Its construction an diffeient species J in HymemphyUmn there is less 
variation than in Trkhomums. In all cases the stele lies centrally, 
and IS delimited by the endodermis, folloived by a broad pericycle, while 
the phloem surrounds the ccntrallydying ^ylem. In species of Hymtno- 
phyiiitm with large rhiEOiiies, such as H, scabrum or dilataium, the 
metaxylein forms a ring enclosing the protoxylem together with some 
parenchyma : the meiaxylem often has the form of two bands, their definition 
having relation to the origin of the strands which pass to the roots (Fig. 
52S; Eoodle, Fig. to). In species with small rhizomes the metaxylern 



r’lc. jtB. 

Tr^iisvcTsese^li&ii ii node or Hyme»&ph}fl!vitt dilAiatufu v. Fcnttnamnn, Stele 
or rhtronac to ihi rj^hc. kif to iht ltf(, ^4-phio«.n ; proton vtcm : imiov^tr 
jfj lem-bands^ ]‘f=iip]jeT xyJtin.liatut. Xiw- (.After Uoodic.) 


Forms a small band or mass, and the protoxylem is peripheral to it on 
the lower side : these two types are bridged by transitional forms. In 
Trichofimfifs the structure of the rhi^oitie of T', reniformt corresponds in all 
essentials to that of H. $^^ibriim^ but with a considerable mass of parenchyma 
accompanying the central protoxylem. In others the parenchyrna is scanty 
>"sdicans\ while in T’^ trichoideum the stele is su b- col lateral : these types 
find their analogues in Idymenophylium. But other species of d'ruhomants 
diverge along lines of their own : thus the stele is collateral in T* musmides^ 
with the xylem downwards: others {T. labiaium and Motityt) may have 
only a single tracheid* or none, and no phloem : these ate plainly reduced 
types. Others again may show a solid mass of xylerUt with scattered 
indefinite protoxylem {^T] spUatum)^ or with the protoxylem peripheral 
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( 7 ^ s^a/i(ff^is) : there is reason to think that these, being more ^>peciiilisefl 
ill their general habit, have undergone secondary modification also of 
their stelar structure. 

The petiole receives in aJl cases a single strand, ^vhich passes off from 
the stele without a leahgap, and widens out upwards into a col lateral 
structure Avith more or less clearly curved xylein. 

The comparison of this structure with that of otlier living F’erns leads 
to the recognition of no near relation. Perhaps the nearest is with 
the ancient family of the Botryopteridcae, and especially ^rith the genu!> 
Zygophris. It will be seen that the correspondence is closest between 
the structure seen \x\ Zy^pferh Grayi (Fig. 270^ p. 500), and that seen in 
T. renifarmi^ and H. si:abnim, that is, with the species which show the 
nearest resemblance to one another of the living forms of Hymenophyllaccae. 

I he chief features of resemblance are in the structure of the stele, and 
the mode of origin of the leaf-trace, and of the supply to the axillary 
bud. As to the former, if the small central tracheedes of Zygopterh arc 
protoxylem, as seems highly probable, the agreement with T. rcfujonm, 
or the larger Ilymeiwphyihtms is very close, the differences being such as 
would be due to a ^ths arrangement of the leaves on the one hand, and 
distichous on the other. The inode of origin of the leaf^tiace without 
any foliar gap, and the insertion upon it of the supply to the axillary bud 
are also points of similarity. This resemblance to a very ancient form 
appears to confirm the recognition of the living species named as being 
probably primitive, while from that central point the remaining species 
of UymefwphyllH^n diverged slightly in one direction, but those of 7 rkhth 
ma?t^s diverged much more strongly along their own lines, either of reduction 
or of other specialisation. Such a conclusion appears to emerge clearly 
from the anatomical comparison. 

The Hymenophyllaccae have undergone vicissitudes of classification : 
Brongniart first separated them as a special family, though the name of 
Fndlicher is usually connected with tlidr recognition as ranking on an 
equal footing with the Cyatheaceae or Potypodiaceae. PiesI regarded them 
as a connecting link between Mosses and Liverworts, and somewhat fat 
removed from the Filicineae; but the actual separation of them from the 
Filicineae was opposed by Mettenius. The comparison of their vegeiuttvc 
structure with that of certain Bryophytes was, however, maliitained, and 
strengthened by fresh oExservations : it w'as pursued subsequently by Franil, 
with regard to the sporophyte, and especial!)' to the sorus, and hy floebel 
as regards the gametophyte. Consequently they were held to illustrate 
the phylogenetic connection between Mosses and \^ascular Cryptogams, 
and to bridge over the gap between these circles of aftinity in the se<]ucnce 
of development of the Archegoniatcac. Further, the Hj^mcnophyllaceae have 
been held to be at least as near to the PolypodJaceae as to any cjther family 
of the homosporous lojptosporatigiateac : in accordance with such views we 
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find ttiein placed first in the system of Christ^ ai>d removed far From 
those Ferns wiil> oLlique annulus with which they were associated in 
Hooker’s FUkum. I have elsewhere expressed my dissent from 

the vicvv that the Hymenoj)hy]laceae are the most primitive type of Ferns : 
an alternative view is here adoi>ted as to the relationship of this interesting 
family, based not only on comparison of the living forEnSt but also upon 
the ra]jidly increasing knowledge of related fossils. 

It has now' been seen that the two genera of the family may be separately 
recognised as forming natural sequences^ and that there is greater uniformity 
in the genus Hymcmpkyiium thaji in Trkfwfmyns. In the former genus 
the usual characters of the larger types are* a creeping rhizome containing 
a stele w'ith rnetaxylem surrounding the protoxylem : w'ith much branclied 
leaves, sometimes of more than a single layer of cells in the wings : with 

sori, having a short receptacle, bearing large sporangia with large spore- 

output. Such a species as //. diiofafum may be taken as a central nori- 
specialised type of the genttSn In the case of Trkhmftanes^ the species 

T. re ft if or me is isolated fron> tbe rest* and shares with ByrnettophyUnm 

the character of a creeping axis^ containing a stele of similar construction : 
it has leaves several layers in thickness, sliort receptaclej and relatively 
large sporangia, with large spore-output. All these characters place it in 
close relation to Hym&H&phyiltt m. The rest of the genus represents various 
lines of specialisation : in some the creeping axis appears to have resumed 
an upright position, with modifications of the stele which may be held as 
secondary F'* this is found in species with advanced leaf-differentia I ion» thin 
leaf-texture, elongated receptacle, relatively small sporangia, and Imv spore- 
output per sporangium, such as 71 spkahtm. In others there are found 
in varying degree diminution of size and complexity of leaf-form, reduction 
of stelar structure in the creepitig axis, and even complete absence of roots: 
these characters are accompanied by thiEi leaf-texture, elongated receptacle, 
small or often minute sporangia, and a spore output varying from 64 to 
iS low as 32. A general conspectus of the family, bearing these characters 
in mind, leads to the conclusion that the species in w'hich its two genera 
are most nearly alike are themselves the most primitive, and that it is 
through them that comparisons may best be instituted with a view- to 
determining the evolutionary relatiot^s of the family. The rest may be 
held to form sequences of specialisation, which will accordingly possess 
less direct interest for comparison with other b’erns. 

'raking, then, the characters of the sporophyte, as seen respectively in 
H. dilaiaittm and in T. reniforme^ they may be compared seriatim w'ith 
those of other Filicales. The creeping habit is already seen in such early 
Ferns as the Schizaeaceae and Gleicheniaceae, w-hich are also protostelic ; 
but the peculiar structure of the stele of the above spedes finds its nearest 
correlative not in these families, but in the Botryopterideae, and especially 
in : allowing for the differences which follow- on upright habu 

FaritkriiHier dfr Frde, p. r. ^ JJoorfle, ^97- 




and radial construction in Zygoftcrh and the cree|iing dorsiventral rlii;:onic 
in these Hymenophyliaceae, the structural resemblance is very close : and 
with this go the strikingly similar facts of structure and insertion of the 

leaf trace, and of the mode of supply to the a>:iliary buds. 

Next, as to the leaf^texture, H. dilaUUum :md 7 ’ rcmforme are both 
species with the lamina composed of several in; ers, nnd occasionally showing 
m their development the alternate segmentation seen In the leaves of 
ordinary Leptosporangiate Kerns. According to the argument advanced 
above, the filmy texture is an adaptive character shown in various families 
of Ferns i the peculiarity of the Hymenophyllaceae is that they show it in 
the highest degree. But the species named appear less speoialised in the 
hygrophilous direction than others of the family, and thus thev serve to 
connect it with the ordinary types. 

The marginal position of the sorus is shared with the SchUaeaceae, while 
it is to be remembered that the Botryopterideae and Osmundaceae may also 
bear sporangia in their leaf-margins. But the Hymenophyllaceae difier from 
any of these in the basipeial sequence bf the sporangia, the elongated 
receptacle, and the cupdike indusium. The basipetal sequence may be 
held to be a secondary condition, bringii^g with it the advantage of spreading 
the drain of spore-production over a longer period than if all ^vere developed 
simuhaneously : the elongation of the receptacle, a consequence of intercalar;^ 
powth, is almost a necessary condition of its adoption. rhe basal cup-lite 
indusium, imperfectly represented in the Schii^aeaceae, lias probably been 
a new formation : its efficacy in protecting the youngest sporangia at the 
base of the sorus amply justifies its existence. It is thus possible to conceive 
of the origin of the Hymenophyllaceous sonis from some Fern-type with 
marginal sporangia, by initiation of a basipetal set|uence. and estubtishnieni 
of a protective indusmm. The type from which they might have kjiiginated 
would probably be found among some piotostelic types with large sporangia 
marginally produced, of which the Botryopterideae, Osmundaceae, and 
Schizaeaceae are the known representatives. 


A comparison of the sjiorangia themselves confirms this reference to 
the Ferns with large sporangia, rather than to simpler forms such as the 
Polypodiaceae. For there is an oblique annulus corresponding in position 
on the one hand to that of the other flradalae, but also to that of certain 
of the Simplices. A comparison of 3-5 of I/ymtJmphyiium with big. 310 
of Gieidiema show's plainly the close similarity of the spe^rangia : and it 
has been shown that if the peripheral face of the (Jlcit heniaceous sporangium 
be reduced the Schizaeaccous type is the result, both being variants of ihe 
same form. Jf finally the point of dehiscertce were shifted from the median 
plane to the side— a practical necessity where there is a basipetal sequence 
—the Hymenophyllaceous sporangium would be the result. Further, in the 
apore-output certain of the Hymenophyllaceae approach the bimplices : it ha.s 
een shown that in /f. TtmdHdj^ftse the output per sporangium is 256-513: 
in T. r^nt/^rma and strUtum it is typically 256, while other sjjecies of 
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Hymefiophyiiujii yield as the typical number. These are figures which 
find no correlative in ordinary Leptosporangiate FernSj but only among 
the Simplices, a fact which strongly supports the view" above expressed. 
On the other band, certain species of Trk/ioma?tes show only low sport' 
output, but they are on other grounds regarded as specialised* and their 
small sporangia and low' output are further indications of their derivative 
character. 

It would be impossible to close any comparative account of the Hymerio- 
phyllaceae without some reference to the gametophyte, for it has figured 
largely in previous discussions. Trkhomanes is the simpler type of the 
family in its prothallus : while that of HymenophyUum consists of a broad 
ribbon-like expansion* that of Trkhomams is usually filamentous, with more 
massive archegouiophores. The archegonia of these Ferns do not show 
distinctive features, but Heimd w'ho has drawn attention to the value 
of antheridia for comparative purposes* specially notes the similarity of 
those of the Hymenophyllaceae to those of the Gleicheniaceae. This is 
a fact of importance wdion taken with the data of spore-output, for 
it is thus seen that features of the reproductive organs of both generations 
indicate a similar affinity. 

The result of a general comparison of the Hymenophyllaceae with other 
Ferns is then to recognise that they approach most nearly to certain of 
the Simplices* wdth which they agree in many points, both of the sporophyte 
and the gametophyte. The structural peculiarities of the gametophyte 
apart from the sexual organs are probably in large measure the result of 
secondary adaptation : a comparison of the antheridia, however* points to 
certain of the Simplices. The characters of the sporophyte are more 
distinctive: they point, in one feature or another, to all the known protostelic 
families of the Simplices, but to no one family in particular: so that it is 
impossible at present to locale the origin of the family with any degree 
of exactitude. The Hymenophyllaceae are to be looked upon as of early 
origin* but ending as a blind line of descent* characterised by specialisation 
of both generations to a hygrophilous habitat, which has taken the form 
of simplification; in both generations TrUhomums shows the greater 
simplicity, and is on that account to be held as more removed from the 
original source. 


^ Fhya.i rS96, 363. 
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The Tare monoty|jic genus Thyrsopkrhy ^vhieh is endemic on the isbnd of 
Juan Fernande^t was at once placed veitb Dkksimui^ which appear^i to he it^i 
natural position^ thouj^h it is better^ perhaps^ to make it the sole repie 
sentative of a separate family. It is a Fern with an upright asis^ three to five 
feet highj covered by the scars of leaves : these have iliick stalks^ bear 
a lamina three to four liniea pinnate: the upjier ]>inn£ie are sterile and of 
leathery texture : the lotvest pairs of pinnae are fertile but slender : they 
are as highly branched as the sterile pinnae^ hiu with the surface tinde\ eloped l 
each pinnule is terniinatcd by a sorus^ the w’hole giving the appearance of 
a complicated thyrsus, W here is some evidence that Ferns of tliis type 
existed as early as llie Jurassic period, 

W'he sori have a cup-like basal indusiuin^ surrtninding a I'cceptacle which 
bears numerous sporangia. As in the Hynitnopliyllaceaej and on the other 
hand as in Dkksoaia^ the receptacle is the actual ajiex or margin of the 
pinnule ; it appears at first, while the pinna is still rightly coiled, as a smooth 
cone, slightly flattened in the plane of the leaf Jlelow this, before the spor- 
angia make their appearance, the indusiuni begins to he formed^ a^ a massive 
outgrowth : a transverse section at this stage often shows that the indusium 
IS slightly twodlpped, and here we may trace an indication of corre,spondence 
with DicksoHiit or, on the otlier hand, w'ltli Ilymt^tmphviiurn \ 

but this iw^o-lipped character is only slight, and is not obvious at later 
stages. The formation of sporatigia soon follow's, and their succession is 
basipetal : the first appear at the extreme margin, of which one is shown 
in Fig, 339 A, the section being perpendicular to the .surfaces of the leaf: 
cihm then appear in lower positions. The marginal sporangium tlius seen 
is only one of a series which arise along the edge of the flattened receptacle ; 
thus the receptacle is a flattened lobe developed from the margin of die 
pinnule, as in Dkk&onm^ while the indusiam originates as a growth within 
the margin^ on either side of the pinnule. 
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The form of the parent cells of tlie sporangia is not constant ; commonly 
the cell has a £(.[iiare basoj and the first segment* wall passes obliquely to 
the basal wall (Fig. 329 a and c), the ne\t segment- wall being inserted 
obliquely on the first : the result is from the outset a sporangium with a 
short massive stalky as shown in Fig. 3?9 ix In other cases the parent 
cell is more wedge-shapedj and the first segment^wall cuts an oblique lateral 
wall (Fig. 329 e 9 : thus the segmentation in Tityrsopierh wavers between 
iw'o types — the one characteristic of larger,, the other of smaller spore-output. 
Tlie further segmentation of the sporangial head follows the type* usual for 
T.cptosporangiate Ferns. Very soon, however, the sporangium lakes an 
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'J AyrujAiff Tf A = thruu};}! ill* j'^urg soTas. 5bowinp 

l]i^ inuuiiiuin i, /> arKl sporangiH seated on the rccoplack, tfi4 

being AE iSe di^t:il limit ot lE- Cativo young ^porangLa. iE:iih«r moTC AdvnrtKd. 

iE^ii With tapttuin irirt j.ppro$tnou.s sroui> sh^ided. A’, A'=inaturtf 

jipornnpia. Jwv A'l Fx ^ 

unsym metrical form, the more strongly growing side being that directed 
towards the apex of the receptacle (Fig. 339 d) : the oblique annulus, which 
in this genus presents peculiar characters, makes its appearance early, and 
occupies a position comparable to that in : the orientation of the 

sporangia is thus on the Gleicheniaceous type, which, when repealed and 
associated with lateral dehiscence, offers the advantages for spore-dissemi- 
nation noted in the Hymenophyllaceae, and effective in other GradataCn 
The central cell undergoes the usual segmentation to form a tapetum of 
the usual type, and to 16 spore-mother-cells. From countings of the 
spores it has been concluded that the typical number for each sporan- 
gium is from 4S to 64* 

The sporangia when mature are of large sixe and rather peculiar form : 
seen from without they present some rather unusual features. Fig* 3^9 
shows one presenting its central face : the annulus, starting from the basCp 
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runs round tvvn sides^ but at th<; point (*) it Ap[)ears to stop, but it does not 
do so actually; it merely curves round upon tl^e [)er]ptieral face^ and dis- 
appears behind the body of the sporangium. That the annulus is really 
a continuous one is seen from Idg. 329 Kt which represents the peripheral 
face: it is very Irregular, especially at the base of the sporangium, and 
consists of a large but not deHnite number of rather narrow cells; together 
they form a twisted hoop, so disposed that the distal end of the hoop is 
curved in the direction of the apcY of the receptacle, and this curvature 
nrakes the sporangium a peculiarly difificutt object to represent in a drawing. 
The thickening of the walls is greater at the distal part of the annulus than 
at the proximah while at one side or the other is a part not strictly defined, 
where rupture will take place. There is no dehnile stomium, and though 
rupture usually occurs about the region to the right in Fig, 3?^ h, the 
actual poini of dehiscence may vary. 

I he features thus noted mark off the annulus of lyiYr^opfcris as one of 
the least specialised among Lepiosporangiaie Ferns : the iuetjuality of its 
thickening suggests a comparison with Loxsoma. It seems probable tliat, 
while showing clear points for comparison widi Dkhsoum, it has been derived 
from a type with a completely indurated annulus and median rupture : that 
this became modified in consequence of the close packing of the sporangia 
in the soriis, which would interfere with a median deluscence : that a lateral 
rupture had been adopted, but the sporangium not definitely specialised for iL 

The anatom)' of Tkyrsifptens h very imperfectly known. fhe leaf shows 
a vascular system, with a few sejiaratc bands arranged tn the usual horse- 
shoe outline; in fact, the structure suggests similarity with J)kAsoft/ii. 1’liere 
are no data as to the internal structure of the axis, 

Trom the known characters it would appear that the relationship of 
Thyy$ 4 )pkris is [>rimariiy with Duhsouia, but in some remote degree also 
with the Hymenophyllaceae : there appears little reason to relate it to the 
Cyatheaceae, as has been suggested by various writers. It is, however, 
best placed as a sejiarate family, on accoimt of the ]ieculiar characters of 
the sporangium and annulus : these show less perfect difierentiation than 
of the herns named, while an archaic character is indicated by the numerous 

cells of the annulus, and the imperfect hicalisation of the rioint of 
rupture. 


i)i(jK8(jxri:.\i’y 

1 he family of the Dicksonieae included, as arranged in Hooker's Sympst^i 
Filiatm, six genera ; but of these the affinity of ap|jears to be rather 

with the Cyatheae, w'hile Hyp^^kerris^ rSphtieropferis^ anti Depitria 

differ from Dkksmvia itself not only in the position of the sori, w'hich are 
superficial (except in Deparia^)^ hut also in the fact lliat the various ages 

* OipQiia f\fMrct\ [i fern in which the sori are iri:ir^jn;il, sliaws *^ccnsiui];i| 

suri aho; hni these arc- u\ittn thi; ii|)|Ua stirkiCL-, and the c.-isc h (jcrhafps com- 
pnralilc with [hat of A^pidium JIfc, aiuJ .\fn j see i (7, 
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of ihe sporangia are intermixed The prebabie position of these genera 
win be considered later. There remainsj then^ only the old comprehensive 
genus Dkkioma. 'ITis was divided in the ,3yfi&psis Ftlkutn into three 
sections — Eudkl'SomtX, and Fitfamn D^nnsiaediia). While 
and Emikksofna have obvious relations to Thyrsopieris^ Patama 
{Demtstaediia) clearly approaches the genus Davailia^ and especially to that 
sectioi’i of the old genus whicli has been separated as the independent genus 
Microkp iti : these relationships will now receive the support of develop- 
mental and anatomical evidence. I shall follow Prantl ^ in separating 
Den^nliitdt'ia and A/iavkp/n from the position given them in the Syftffpsis 
Fiiuum, and recognise them as constituting^ perhaps with certain other genera, 
a natural sub-tribe under the name of the Dennsiaedtiina^ Prantl, having a 
jjosition between Dicksonia and Eitvnliui^ and constituting with them a 
natural serjuence. It will be showm that following this series from Thyrso- 
pkris to DavaiHa we shall pass from a type with basipetal sequence of the 
large, short-stalked sporangia, with oblique annulus, to forms with a mixed 
sorus, smaller, long-stalked sporangia, and a vertical annulus. The receptacle, 
which is a prominent feature in the former, is reduced, or represented only 
by a flat surface in the latter types. The gradual nature of these parallel 
steps seems to indicate that the ’whole series is one of natural affinity, as 
indeed has alw^ays been recognised by systematic writers. 


DjCKSO^Jia (EXCL. § Pata}na\ 

'rhe genus Dkk&omu includes some large 'J'ree Ferns, and others of smaller 
stature but with prevalent radial construction. Some of the smaller species 
closely resen^ble small plants of Thynoptmsx like it they have leaves 
repeatedly pinnate, with numerous sori borne at the mai^ins, but without 
any diffierenliation of sterile and fertile pinnae. The sori are protected by 
a two-lipped indusium, but the lips are unequal, and their character has 
been used as a basis of division of the genus. It will be shoivn that the 
receptacle itself is marginal, and that the lips of the indusium are develop' 
mentally outgrowths from the surface of the pinnule^ just as in the 
Hymenopbyllaceae and in Tkyr'soptcris. Thus there is essential corre- 
spondence with these Ferns, and the dlfiferences are rather of habit and 
size than of the more fundamental features of the sorus* 

Si^o RE- P roducing Members. 

The sorus in tins genus has already been investigated by Gliick,,^ 
w'ho points out that the receptacle arises from the original leaf-margin, 
while the two lips of the indusium spring from the upper and lower 
leaf-surfaces. The structure of the young receptacle, as seen in Dkks&tit^ 
{CkiftkifP) Schkdki is like that of a leaf-margin, with a marginal 

M/Ti. ^dJf* Can. til liSgz, p. iS. ^ Fkm, I&95, Heft 
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senes of actively dividing cells. In sections perpend ic.lar to the leaf- 

re?fol/ 77 -s in rig. 33, ,, ,i,e cell tnarked (») 

being one of the marginal scries. A section of a similar sorus in a 

plane x) appears as shown in Fig. 330 „ (the chain of ,0 cells 
superposed on the l.p of the indosiunt), while at the lower level fv 
. .s as shown between the indusial lips. I, is thus seen .ha, the recepmde 
1 structurally like a normal leaf-margin, a conclusion again supported by 
Fig- 330 1^, which shows a similar sorus traversed in a plane 
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in icated in Fig. 330 a. It is im]iortaiit to note the inetjuality in sine 
o the two lips of the indusium. Here it is only slight, but in forms m 
be subsequently described an increasing inetjuality. both in area and in 
substance, make.s its appearance. The formation of the .sporangia has 
egun ,n the marginal cells, and it is seen that their appearance is 
most siniLltanenus, a [mint belter shown in lug. 330 c. „.hich repre- 

s ,7 n 1 stage. These marginal sporangia arc 

succeeded by others jiroduced in a basipetal se<Iuence, l.ut the succession 
s not long cominued, and in /). Ci/A/to, L’ Merit, it is not clearly marked ■ 

ere is, however, no evidence of intercalation of younger sporangia 
between those already present. P'Jrangia 
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As seen from Figs. 330 a, Q, tlie ^porangial mother'CeUs are deeply 
5unk, and the first segment-walls may insert themselves upon the basal 
walls as IS shown in sporangium (3)( Fig. c ; in other cases the segment 
walls may cut the lateral walls of the mother-cell (e^. sporangium 4)- 
But, however this may be, the first segmentations are those characieristio 
of bulky sporangia. 

The sporangia themselves are of large siie, and vary somewhat in 
form, being in D. CMki of an almost pear-like shape with very oblique 
ring, while iti D. Mefamii the ring is more longitudinal. The stalks 
are relatively thick though elongated, and show in transverse section a 
rosette of six or seven cells (Fig. 330, central drawing). As the published 
drawings of Dicksonia sporangia are not altogether satisfactory ^ I have 
represented those of D. Meffdesii, Hook and Baker, from four different 
points of view. Fig. 330 H shows bow, on the periplieral face, the con- 
tinuous ring of the annulus surrounds the relatively large thimwalled area; 
the indurated part of the annulus is shaded, and of the rest, four smaller 
cells (connective cells) are seen on either side of the group of five cells 
which form the stomium. 'I'he central face is shown in Fig. 330 
but in this case the stomium Is composed of only four cells, while five 
connective cells are seen on either side of it. Fig. 330 E shows a lateral 
view of the side on which the annulus is completely Indurated, and Fig. 
330 G shows the stomium as again a group of five cells, while two pairs 
of “conneciive” cells are seen on either side of it. From these drawings 
the form and large size of the sporangium, and the position of the annulus 
are clearly seen, while we also conclude from them that the number of 
cells of the stomium and connective is not constant. 

'I'he orientation of the sporangia has been examined in i?. Schi€d€i^ 
Chamhsm and Menzksit ; at the margin of the flattened receptacle it is 
not uniform, but the sporangia seated on the sides nearer its base show 
in the majority of cases, though with no strict uniformity, an orientation 
on the Gleicheniaceous plan. 

Notwithstanding the large si/^ of the sporangia, the output of spores 
in Dkksonia is not a high one. Enumerations were made for Menztesn 
with 62) 63 as the result, and in I>. antardka^ 64. Clearly 64 is the typica 
number for these Ferns* 

Anatomy. 

q'he vascular system of Dkks&nia can only be properly understood 
in the light of the simpler forms, and especially of the Dennstaedtiinae. 
Nevertheless it will be described here* and referred to again later, t 
has been examined in D. and Oikka by Gwynne-Vaughan, 

who finds the system of ■ the axis to consist of a cylindrical dictyostee 
surrounding a large central pith. The meshes of the dictyostele are t ^ 
foliar gaps, and from the lower limit of each arises a leaf-trace m ^ 

^ Afiu. ef Jtvii., 1903^ p. 708^ 
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form of a broad ribbon of tissue, with its margins folded inwards {Fig, jjij. 
Very shortly after its departure from the axial side this ribbon ""breaks 
up into a number of isolated strands arranged in horse-shoe fashion as 
seen in the transverse section. The point of disintegration varies from 
one leaf to another, and sometimes it does not occur until the free petiole 
IS reached. There are no accessory strands in the pith nor in tile leaf- 
stalk, as are seen in some other related Ferns. 

The structure, even in the large dendroid species, such as D. f 
antar^tica^ and Sshkd^i^ appears to be the same as that in D. 
but on a larger scale. The relation of the whole to a solenostelic type 
IS obvious: where a leaf is inserted a gap occurs in the solenostele ; but 
the leaf-gaps are very small and close up rapidly: if these leaf insertions 
he close together, as they are in an upright radial stock, the foliar gaps 



t'rc. 
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will overlap, and give to the stele a reticulate character. On the other 
hand, the leaf.trace is originally a single strand, and is clearly seen to 
he so at its base in D. Btirmulf. but as it passe.s up the petiole it is 
oisintegratcd so as to form a number of sejiarate strjtnds. It will be 
seen later that this structure is in principle the same as that seen in 
the genus Deiwslaedtia, allowance being made for difference in size, ami 
in the elongation of the rhi/ome with its isolated leaves. 

Both structurally and in the characters of the sorus ami sporangium 
l ie lJ,(kson,(at as now limited occupy a position loeiwcen Thyrsopkih and 
he Dennstaedtiinae. while in soral condition, ihotigl, not in sptire.outtHil, 
tne family shows analogies with the larger species of 


DBNNSTA I':DTI IN A K. 


This sub'tribe was* founded by Prantl,' lo include ihe 

MkroUphj Saccohma^ and Jiyp&kpis. d'h 


genera 

e most important of 


* AtheUtn Bog. Gnriitu zu vul. i,, p* rS. 
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these genera are the two first, wlhch were placed apart in the 
Fi!ku?fi\ Detifi^taediia (as ^ Pufafua) ’tvas included in Dkksonia, while 
Mkroiepm was included as a section of Davalim. But evidently systematists 
bad reason to know how closely allied these two were^ since the synonyms 
have been numerous. Fhe fact is that Deumtaediia is not very nearly related 
to Dkk$oma \ the form of sorus is different, and the details of the sporangium ; 
these characters should weigh more strongly than any similarity of habit. 
On the other hand, Mkrohpia^ while it resembles Denmtaedtia in its sorus, 
differs in some essential jioints from Davailia, Certain new facts have 
confirmed the soundness of PrantVs systematic method of founding the 
sub'tribe t it will be seen that the Ferns included in it occupy a peculiarly 
interesting position, as connecting links between the basipetal type of sorus 
seen in the Dkhsonkae^ and that of the I^avaUia^. 


MicrOLepia = ^ Afkrokpik)^ 


This genus includes Ferns with creeping rhizome, on which solitary 
leaves are borne, which are not articulated at the base. The surfaces bear 
hairs, not ramenta. The leaves are repeatedly pinnate, and bear sori with 
the indusium unequally lipped; the upper lip appears as a continuation of 
the leaf-surface, the lower lip as a membranous half-cup^shaped outgrowth : 
the result is that the whole sorus appears to be intra-marginal. 

The sorus has been examined in Afkrokpia spehrmat (L^), Moorcj hiria 
(Kaulf), Presl, sMgosa (Thunb.), Presl, and plafyphylla (Don), J. Sm. In 
all these it shows in the main a basipetal succession. This is seen in 
M~ in Fig. 332 a, in which the two lips of the indusium appear 

with the characteristic inequality, the superior lip (j.) having the aspect of 
a continuation of the leaf-lobe, while the inferior lip (f.) is smaller, and has 
some similarity in position to the indusium of CysiopUrh. The receptacle 
is conical, but the sporangfa are not very numerous, and it is not greatly 
elongated ; it is traversed by a band of Iracheides The order of 

appearance of the sporangia is in a strict basipetal succession, but this is 
not long maintained. The sporangia themselves are on short, rather thick, 
three-rowed stalks, and the head shows a slightly oblique form, the peripheral 
face being the more convex* 'Fhe annulus is almost longitudinal, but still 
it shows a slight degree of obliquity, such as will be described below m 
Dcnmkedtia apiif^lk ; the orientation of the sporangia shows a considerable 


regularity on the Gleicheniaceous type* 

In Mkrakpia hirta there is general correspondence to M~ ipdnm^^ ^ 
regards structure of the sorus and sporangium, though the succession o 
sporangia is longer, and the receptacle accordingly more elongated; but 
cases occur occasionally in which the strict basipetal succession is 
maintained. One of these is represented in Fig. 332 b, in which there is 
a larger sporangium at the tetrad stage, and belo,w a small one m w i 
the spore-mother-cells have not yet expanded. Fig. 332 c shows another 
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example of departure from the strict basipetal succession ; still the receptacle 
is seen to be elongated and traversed for a considerable distance upwards 
by a strand of tracheides. Such exceptions occur in about one in every 
five son cutp and are therefore not excessively rare These irregularities 
are of interest for comparison with tliose to be described for DennstaedtiQ, 
In My piatyphyiia and M. the sorus was found to be basipetal, 

the receptacle conicab and the sporangia of the same type as in the other 
species, Thus it may be coi eluded for Microkpia that the sorus is typically 
one showing basipetal succession of rather short-sUiked, slightly oblique 
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Pig. 31 j. 
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t*a.sipe(;tl succcb^iiori: of j-piirariEia. j< loj. Ify — Knulf. 

lo At Ijiit hhovriiii; dciwrcuresi il»c Mtici lj».>i|3pinl MiettHhion. X loa. 

sporangia, with reasonable regularity of orientation, inserted upon a conical 
receptacle, and protected by two unequal indusial fla|>s. liut that In some 
species occasional departures from the strictly basipetal succession occur, 
younger sporangia being found inserted between those which are more 
advanced. 

Oennstaeotia 5^ /Wfmia). 

This genus includes numerous species of more delicate habit than 
Dkksoftia^ and with creeping rbiKorrieSt the solitary leaves arc non-articulated, 
a character in common with Aficrokpia^ and ranked as an important one 
by Smith, Hairs are borne, not ramenta. The habit is like Mkr^Upia^ 
but also very like DavMim, The small sori are marginal, and Prant! had 
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already noted ^ that the receptacle is derived from the leaf-niargin, while 
the oup-like iiidLisium originates as two jflap-Hke outgrowths of the lower 
and tipper surfaces: excepting that the indusium is not twodipped, and 
that the receptacle is cylindrical instead of dattenedi it resembles in its 
main features the sorus of Dkksonia. The relations of the sporangia within 
the sorus have been examined in Dennifaediia apiif&Ha, Hook-^ wdth the 
result that the basipetal succession has been found to be much more 
marked than in Dkk^ofu'a. The receptacle is cylindrical and elongated, 
and traversed by tracheides for a considerable distance (Fig. 333 /'A, a ); 
upon it the sporangia arise, as a rule, in strictly basipetal order. The 
sporangia themselves undergo the usual segmentation; when mature they 
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A = afi-if/elia-t ahywiilg Succession throughout. 

C ■’ctchisCfni j^por.iiiEmtn cf I he shobvln^ very slightly oLliqne :tnn'ulu:i- B = 

Di'»iistivdtiii rttbiginaia^ KaulF. Sgrus in vertical !;eetign ^hou'ing that it has been at 
fust Imsipcfal, but w'nb ;t chgrdictersyperveinog, /^=:detviscern spyrangEum gf tbe 

Agen from the ^hou-ing ihal the nnnulus stops short on cither S^ide Pf the 

inscrlien of the (jO' A ll X loo. 

have long stalks composed of three rows of cells ; the head is not 
bilaterally symmetrical, but one side is more strongly convex than the other; 
and it will be seen from the figure that the more convex side is the 
peripheral one. The annulus is not exactly vertical, but running round the 
margin of the sporangium to the attachment of the stalk, it is there slightly 
diverted to one side (Fig, 33:? bk^ c); usually the sequence of cells of the 
annulus is not w^holly interrupted by the insertion of the stalk, but its cells 
are more or less in contact with one another^ and the annulus is in such 
cases actually continuous at the base, as it is in those sporangia where it is 
more conspicuously oblique. In fact, the sporangium of D. apiifoHa shows, 
though in a less obvious degree than in Dkk^^nia^ the oblique annulus. 
The nearer side of the sporangium shown in Fig, 332 C is the less 

convex one, the more convex side is the peripheral face as regards the 

' ’ * Zw, fiV+j p. 19. 
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wliok soros, and it is on this side that the annulus may be seen u> show 
the last traces of continuity at the base. The orientation of the sjMiraaigiaH 
as described^ is not always maintained in the mature state; transverse 
sectiorts of the n^aiure sorus show some latitude in this res[)ect : but this 
may be due merely to a twisting of the long thin stalk. This seems 
the probable explanationj since the young sporangia sho^v a fairly accurate 
orientation. 

Sections of sporangia show that the miniber of sporemotlier-cellE in 
each sporangium is variable ; eighty twelve^ and sixteen have been observed. 
Ojuntings of mature spores have shown that in certain cases the full 
number of 64 may be produced. 

Deviations from the has i petal succession have been observed in D. 
davaliioidu (Br.), Moore, and in D. ridd^hwsn (Kaulf)^ iloore, fiven in D. 
^piifidia isolated cases have been seen of a sporangium seated near tlie apex 
of the receptacle, apparently arrested in its development, and representing 
a less advanced state than those surrounding it. In /J. cases 

of this sort are of fairly common occurrence towards the apes of the 
rather elongated conical receptacle. 'These may be held to be transitional 
forms to what is seen in the allied apccitfs D- the sorus of 

which is represented in longitudinal section in Fig, 33 j }s. Here^ upon 
a relatively short receptacle, and betw^een indusial flaps w'hich are also 
short, the sporangia are dis|X),sed with no definite succession ; the 

persistent stalks of two old sporangia are near the ape>. of the receptacle, 
and the younger sporangia beloiv, with spores and tetrads, give a slight 
indication of a basipetal succession, but still youi^ger sporangia are disposed 
irregularly among them. The aorus, though showing some slight signs 
of a basipetal succession ai hrst, is clearly of that type which we sliall 
designate mixed,” that is, with the sporangia |}roduced in no definite 
succession, hut the younger interspersed irregularly among those which are 
more advanced ; correlated with this \vc find tlie receptacle .short, but 
wide. 'The sporangium also sliows a difference from D. the 

annulus being definitely interrupted at the insertion of the stalk as is shown 
in Fig, 332 hif n, which represents a dehiscent sporangium seen Trom 

below, (jrA) indicating the Insertion of the round stalk. We sliall subse- 
quently see that, by these gradations in a transition is Indicated 

between two fundamental types of soral arrangement, the /fiu/prfit/ 
SMffi’sswft of sporai^gta, and the ifn\%rd, wliere ll^e variotJs ages are irregularly 
interspersed. D^fiftsfaed/ia is thus found to correspond to Mkridfpuj ii\ 
the occasional departure from the typical Iwsipetnil succession of the 
sporangia in the .sorus : this condition lead,s on to that seen In the 
genus Davailia* 

The other genera included in the Dennstaedtiinae by Prantl are 
Ltpl&Upin^ and /lypitZipis. 'The first two of these are closely 

related to MumUpia^ as their numerous synonyms show : many of 
their specie^; have indeed been included in that genus* liypokpu is 
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mentioned by Prantl himself as an uncertain member of this sub-triben 
An examination of its sonis shows the sporangia of various ages intermixed^ 
and without definite orientation. On these grounds the affinity of this 
genus would appear to be elsewhere than in the Dennstaedtiinae, 


Ar^AjOMv. 

It has long been known that the axes of Denmi&edtia and of Microiepia 
shoAv the structure now recognised as soleuostelic ■ hut the detailed know- 
ledge has lately been extended by Mr, Gwynne-Vaughan,^ and made the 
subject of important comparisons^ of w’hich the following paragraphs are 
a brief abstract. The solenostele is itself held to be a relatively primitive 
state ; ail the species of Dettnstaedtia that have hitherto been examined 
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prove to be essentially so len os tel ic ; similarly all the reputed species of 
Mkrokpia that have been examined are also typically solenostelic* with 
two exceptions only: one of these is I}^vailia {Mio'okpid) hirsata, HL, 
which is dOTsiventrally dictyostelic, and this appear.s structurally out of 
place among the MkrokpmS'. an examination of its sorus, however, shows 
that the plant is one of the Mixtae : thus both the anatomy and the state 
of the sorus show that its proper place is elsew'here, probably with Davaih^- 
The other exception is Davailia {Mkrokpia) pinnata^ Cav.j which appears 
to have relations anatomically rather with Lindsaya. Excluding these it 
may be said then that solenostelic structure is typical for Dennst^edim 
and Aficrokpia, 

The vascular relations of leaf and axis are indicated by the Figs. 333 
A, B, c. The leaf-trace is in all cases an undivided ribbon-like strand : 
where it Is inserted upon the tubular soknostele the latter opens, forming 
the foliar gap, which is here only short, and soon doses (Fig* 333 ^)- 


Ami. of Boi.^ Kvii. j p. 689+ 
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This simple vascular structure holds for most species, with minor n^odifica- 
tions of form of the leaf-gap, and of insertion of the supply for lateral axes. 
There is, however, a further com- 
plication in V 

and ruiiighwsa ; in the former a 

local thickening appears internally ^ ’ 

at the margins of the leaf-gaps in 

the ordinary stelar cylinder : this , 

becomes extended to form an in- 

wardly projecting ^idge^ coittinuous -g :G3|f! . ^ 

from one leahgap to another (Mg. ' 

333 'i)- In ralfigift&ui this ridge , 

is represented by a separate strand, t je;. c. 

which still maintains its connection / ty.i- ■ * t 

with each leafgap-marsin, but may ™ibf ofih^ riiimim: inOurfin^ ^ 

■Dr ’ n n j and iIli; Ii;im: oi ;l Ceaf-lrncv. jimJ tri', ii;- in h ij;. 

divide into se^^eral distinct rods j^' noi r*.'i:ii4;^i ili. 

(nt d-^pkif t LI Tf pt .'ll leal M r jctr Iht ii|i]wr of 

(Fig. 333 c). This peculiarity is '■’■■oliH f;Nct ihc obhcrv^r. G^^ynnc- 

of importance for comparison with 

what is seen in the stems of the Pterideae on the one hand, and of the 
Cyatheae on the other, while it also has its bearings in the elucidation of 
the complex structure already seen in the Matonineae. 


These facts of vascular anatomy, coupled with those relating to the 
sorus appear to indicate for the neiinstaedtiinae a very interesting inter- 
mediate position. On the one hand their confirmed solenoslely is evidence 
of a relatively primitive slate, derived probably frrnu a protostelic source; 
but it shows only slight indications of passing onwards to the more 
advanced fitate of dlctyosiely. Moreover, the constant condition of the 
leaf-trace as an undivided, ribbon-like strand is a clear index of their 
primitive poshiom Similarly, the uniform occurrence of hairs and the 
absence of ramenta points to the simpler rather than to the more advanced 
Filicalcs. 

On the other hand, the .soral conditions arc characteristically those 
of the (Iradalae: the basipdal se(|ucnce of sporangia Is {piite af> marked 
as in Dk/tio/mi or Anjnstma^ with which they sliare the basal indusEum, 
here, as in DkHtma^ two-lipped. Hut in certain sjjecies occasional 
departures from the strict basij>t;ial sei[uence occur : these are most 
prominent in DmHStm'dtm ruhtgimsi^^ a species wliich show's also the 
vascular strundt; within the solenostele. Witli the loss of has i petal succession 
and the advent of the elongated stalk the sporangium loses its rRgiilarity 
of orientation and its markedly oblique annulus, liut this is what might he 
expected, since there is no longer any mechanical reafjon for the regularity. 
In both of these characters, of anatomical structure and of sorus, the 
Dennstaedtiinae approach the Pterideae- On the other hand their relation 
to DUksonia and lo Loxst^ma Is clear : It is based |>rjmarily u[>oi’l habit 
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and leaf form ; bul also upon the characters of the marginal soruSj and 
lastly upon the vascular system ; for even the dendroid Dkksomas show 
a sielar system but little in advance of the solenostelic DefinsfaedHaSt 
allowance hein^ naade for the closer leabarrangement in their upright 
shoot. 

It is thus seen, not from one character alone but from several, that 
the Dennstaedliinae take a transitional position between certain types 
of the simpler Clradatae and those Mi?ctae which have marginal or approxi- 
mately marginal sori. But lastly, the inequality of the lips of the indusium, 
and the obvious lopsidedness of the sorus, both in Dkksoma arid in the 
liJennstaedtiinae, has its interest in relation to what is seen in some of 
the more advanced Kerns. 7'he origin of the receptacle is still strictly 
marginal, but already there is a leaning towards the lower surface, and it 
will be seen that, in forms belonging to the Mixiae which appear to be 
related, this becomes more pronounced, till finally a superficial position 
of the sorus is fully attained. 


CVATllEAE, 

In all the (Jradatae hitherto considered the sorus is of marginal origin, 
though in some of the most advanced there is a tendency towards the 
lower surface. But In the Cyatheae, in which the sorus is also basipetal, 
its position is superficial, being thus comparable ivith that of the Gleicheni- 
aceae or Maratliaceae. There is no comparative ground for referring this 
in the Cyatheae immediately to any transition from a marginal position: 
there is indeed good reason for believing that the superficial sorus was 
of very early occurrence, for it is exemplified in some of the most primitive 
types of Ferns. 

The Cyatheae as now limited include the dendroid genera Ais^/^hthi 
Hejnlteh'a, and though it will be seen that certain other genera 

of Kerns of smaller stature are probably related. In habit they are occasion- 
ally creeping {A. but mostly of tree-like habit, the columnar 

stem being covered by the scars of the tufted leaves : these may be simple 
(C or singly pinnate (C. BrttnOffh)^ but usually repeatedly pinnate. 

Broad superficial scales are present generally, but hairs commonly accompany 
the sorus. Thom-like outgrow^ths are not uncommon upon the surface, 
especially about the base of the petiole : these must be held as new 
formations, by enation from surfaces previously untenanted in descent: 
they show that such origin of new appendages existed among very early 
vascular Plants. Adventitious roots are numerous* and form a dense felt 
investing the lower part of the erect trunk to a thickness often far beyond 
its own bulk. 

The three genera named form a very natural group, separated from 
one another technically by the character of the indusUim, which is absent 
in Akophiict^ incomplete and scale-like in while in Cyaih^a it 
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is cup-liltCj and may form a complete Investment for the sorus while youni^. 
The disposition of the sori is fundamentally as in Gkkhe^tu^ in a single 
series on either side of the midrib of the pinnule; but the regularity of 
the series is liable to be disturbed according to the mode of growth of 
the leaf. Moreover, the identity of the sorus is not always maintained, 
fissions (or fusions) being frequently seen. 


'rhe development of the sorus has beeii followed iiT A, &irtn*iufis : an 
early condition of it is sliown in Fig, 334 a, in which the sporangia near 
the apex of the receptacle have the cap-cell already formed, while in the 
lower sporangia on ^rither side it is not yet cut off. 'fhe succession is 
thus basipetal, chough not markedly so, since their number is not very 
large in this species. Yhe sporangia are from the first more robust than 
those of Cyi'tihiu^ but less so than those 

of Ckkhoiia^ to which the)" correspond ' 

in the oblique annulus, and in their 
position in the sorus : moreo er^ the 
first segmentations lake a middle placet 
the parent cell of the sporangium has 
frequently a wedge-shaped base, and 
the first segmeniation-^s,'all cuts one of 
its oblique lateral walls i this tj^pe is 
thus intermediate between that of the 
more robust Simplices and that of the 
.smaller sjiorangia of the Poly pod iaccae. 

In point of its convex form and actual 
size the sporangium of A. utr^virais 
does not differ widely from that of 
Gkkhmi^i dkhotoma^ but the stomium 
is lateral as against the median dehi- 
sconce of Gkkhcnm \ still it is obvious 
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that the cells of the stomium form pan of the very regular serie.s of the 
annulus (Fig. 3340). The regularity of the orientation is according to the 
type of Gkkhi'nid in the Ixtsal part of the sorus, but it is not strictly 
maintained by the sporangia at the upe.x of the receptacle : in this also 
AiidphUa Corresponds lo Gi, dkhitioma. ^I'hc i)'pic:i! numlaer of spores 
per sporangium appears to be 64. 

It is thus seen that Ak&phih shows certain points of interest for 
comparison with Gkkhema \ notwithstanding the difference of habit it 
corresponds in the position of the sorus and in the absence of the indusium, 
while the number of the sporangia in the sorus in A. *j/fvzft/rfis is not 
greatly in excess of that in Gkk/tt/ik ^/k/w/ff/fm, I’l^ere is also son^e 
similarity In the form of the sporangium with its oblique annulus, and in the 
orientation of the sporangia, at least in the lower part of the sorus, though 
in both there Is irregularity towards the apex of the receptacle. But there are 
important differences In the position of dehiscence and in the niEmber 
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of the spores produced from each sporangium. If in a sorus of the type 
of Gkkhema dUhatmm the receptacle were elongated to receive a basipetal 
succession of sporangia, which retained their form, but showed a diminished 
spore output, and lateral dehiscence in accordance with their basipetal 

sequence, the sorus of Al&ophUa would be 
the result. 

Such changes are inherently probable, 
and it has been seen in the sorus of 
the Hymen op hyllaceae how the greater 
number of sporangia goes along with a 
fall in their individual productiveness* 
This is carried further in Cyaiken than in 
Ahophih^ for there the sporangia are 
smaller, and the output in C. denWata 
may fall as low as 16* or even S spores 
per sporangium, though in C meduiiaris 
the number may remain at 64* The 
de^'elopment of the sorus in this genus 
has also been followed j it differs in no 
essential point from that of Aisopkila^ 
excepting in the presence of the basal 
indusium, which appears before any of the 
sporangia (Fig. 335). The inconstancy of 
occurrence of the Indusium in a group of closely related plants indicates 
clearly that, however large, or early in appearance, or biologically important 
it may be, it is not to be held as an essential part of the sorus, nor trust- 
worthy as a phyletic character. 

A NATO MV. 

Analomically the Cyatheae show very great complexity of structure, 
though it can be referred, even in the most complex examples, by comparison 
to a simpler source; the conclusions are, hOl^'eve^, rendered less certain 
by the lack of graded intermediate conditions. A relatively simple state 
was found by H, Karsten ^ in the western species Alsophiia pruinata^ a 
Fern which grows with an upright stem some three feet or more in heightH 
In transverse sections of the axis a solenostelic structure is seen, which 
opens here and there wdth a foliar gap, from the margin of which the 
leaf-trace is given off, apparently as a simple strand, with the usual horse- 
shoe-like transverse section ■ after leaving the axis the leaf-trace soon breaks 
up into a number of strands. As the internodes are of perceptible length 
the leaf-gaps do not overlap, and the stele often appears as a complete ring 
(Fig* 33b). A peculiar feature Is seen in this Fern in the leafless 
runners, which originate below the leaf-bases, and grow like roots downwards 
into the soil ; it is interesting to note that they have at first a solid stele, 

1 Vegetaimnsorgunt d. Ae/lwfw., p. 123. 



^yAih^'-a Sw. I'hc 

show;i a itry jxiung sorui, wiUii rcccptick 
inHlu^ium .ilreatlj- indJcaled. The lower 
hhoM's- chc indusium O') more and 

I he arising in basipetal 



CYATHEAE 


605 


f ^ j ^ 



3 j 6- 

Aifo^hfia /j'w/ijfl /fl I, Kaulfr Transverse sections srenij ]ijaf-lja>s>, IhkI (a) Tn. 
yiirs. and 4 L It ]'& .ippiifcni thfii eKe i:$ ^dl^nosl-tlE^p the vo^lcTioi-tele Dpt:n'!4 3.t 
lilt! «Aii of e^cli I but ihc Icnif tr.ic-k^ ^ cuntinuo^u^ t1o^^le^^hLK: O.E LE£ {AfE4^r 

Hp KArsElfTl^J 



r‘iii. 337 .i. 

C'/ia/Ara Hook. =axi]c lonuitudiipal i«4;liniN- Natural s»/e. The ML-^rion 
jiliOpii 3 ntm. ihjs'lc, .aitil ‘«mj'tT.in'x[jar(ii[n Tl»c hhiet ^teretPin and iiakT Vna^sattar 
si niitdv drawn as ^^nijerftLMl do not a11 Itt tx^irlly i'l I Ik jilaiKr ix = vn^I;^:|;l r -^unnds 
gftlie irkaHI cyltitdor t i -outer ; j'aiuntr |)lalos of il't Neleri:Lilic' sfie^Ltli ; inlerir;dly iLrf', is 
I ho pith wiin ilh niednlLary sirands^ oulsidt j, I ho cnricx will) cortical Mrandst r = 
cortical Ijundk^^ Icaf-scars ^ ^^asl rands pas^hn; iiHo kavcs ; fiy = insert ioit'- of rofpis ; 
pqiiA fitliar &irand ruiniiitpi. inio Ihe pith \ aljove .c ;i hlirnl tiidiiiKolT a nicdollary Ijuii^lle. 
{After Uo btrr^d front hkiKlerantl l'‘'Tantii Nnt-. 


t 

C’L. 


6o6 


FILICALES 


which, however* soon develops a pith. The anatomy of this Fern* which 
deserves a thorough reitn-estigation, appears to he comparable with that 
of a soleiiostelic De^uistaedfia : it suggests the structure from which the 
more complicated Cjatheaceous stems may have arisen. Another species 
with exceptionally simple structure is stated’ to he A. bkAuwides^ is 

peculiar in having a trailing axisd 

In the vast majority of the Cyatheae the vascular system consists 
essentially of a diciyostele, with accessory strands in the pith* and in 
some cases in the cortex also. The leaves being closely disposed on the 

massive axis, the leaf-gaps, which 
/ are narrow, overlap, and accord- 

ingly several are traversed in a 
single transverse section (Fig. 
337 li)’ The dictyostele is thus 
represeirted by several broadly 
stra[>.shaped tracts, with their 
margins turned outivards, and 
guarded on either side by bands 
of brown slerenchyma : this is 
the correlative of tlie solenostele 
of simpler types. The leaf- 
trace, composed from the first 
of numerous distinct strands, 

springs from the margin of the 
leaf-gap, the strands being dis- 
loosed in the usual horse -shoe 

series. But over and above 
this fundamental vascular system 
accessory strands are found in 
the pith (Figs. 337 a, e) : these 
originate from the foliar gaps, 
and traverse the pith as a 
branched system w^ith occasional 
blind endings. In origin and nature they would appear to be comparable 
to the accessory rods seen within the solenostele in Demis faedtia rtf^igtnosa 
(compare Fig. 333).^ In the cortex also an accessory series of strands, 

related to the leaf-trace, is found : it is w-ell shown in C. I mr ay ana 

in Fig. 337 c, and is reported also for other species, both of Cyaih^a 
and of Aisophila. This cortical system has no recognised correlative in 
other Ferns. 

Young plants of Ah&phila txcdsa have been examined by Gwynne' 
Vaughan,® with a view to tracing the ontogeny of the vascular system, and 
especially the origin of the medullary strands : his results are illustrated 

1 Mcttenius, Vehir p. 324, note 3. 

-Gwyr^ne-^''4^lghaT3, /.f., p. 709. I.r*, p. 709. 
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by a diagrammatic figure (Fig. 33SX but with the reservation that the rapidity 
with which the successive stages ;ire passed through varie?^ considerably: it 
is believed] howeverj that the ditigram will serve to represent the course 
of development of the vascular system, not only in the Cyatheue, but also 
in most of the solenostelit and diciyostelic Ferns, up to the jKirticular 
stage that they retain whtdn mature, 'rhe followii^g description is taken 
almost verbally from Mr. Gwynne-Vaug ban’s memoir. 

'I’he young plant of Aiuiphiht ^xeeha lias its leaves arraiigcti riKlially 
all round the axis. At the very base of the stem the single ceiUval 
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cylinder possesses n small central strand of xylem,. usually with a few 

xylem-paTtnchyma cells iiuerveiiin” between the irucheides. d’hc first leaf- 
trace may ^lepari without in any way altering the strncrtuie of this stclct 
or of its sylem-sirantij but usually the phloem on the adaxial surface of the 
leahtrEiee is prolonged a short distance downwards into the substance of 
the ceiUral xylem. At tlie departure of the subset|uenl leaves this feature 
is much more pronounced, and the phloem thus decurrenl runs down 
through the whole length of the Internode k> meet wdth that deciirrent 
from the leaf below, lit the second leaf, however, it often falls short of 
the point of departure of the first leaf, and ends blindly in tlie intetnodc- 
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From this pointy th<;refore, up to the third or fourth leafj die centre of 
the xylem j>trand is occupied by a core of phloem. At the departure of 
about the third or fourth leaf tlie pericycle follows the phloem down into 
the internode below, so that a few perEcyclic cells are now to be found in 
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the centre of the core of phloem. At the fifth leaf 
(or sometinies at the fourth) the endodermls also 
is decuirents giving rise at first to a few cells only 
En the centre of the pericycle, which usually dis- 
appear befoie the node below is reached. Higher 
up it is continuous from node to node, and sur- 
rounds a progressively increasing amount of ground- 
tissue, which is now decurrent with it. The vascular 
system has, in fact, become a solenoslele. This 
stage, however, does not last long, for the leaf-gaps 
begin to overlap after the departure of about the 
eighth leaf, and above this point the system 
becomes more and more dictyostelic, although at 
first a complete vascular ring is occasionally to be 
met with, 'The leaf-trace of the first five or six 
leaves consists of a single curved strand. Above 
this point two or three separate strands are given 
off to each leaf, and at about the tenth leaf four 
such Strands are present, two arising from each 
side of the leaf-gap. 

The first indication of the internal steles that 
occur in the mature plant is to be found at about 
the tenth leaf. Just below ore or both of the 
two upper (adaxial) traces of this leaf the xylem 
of the stem-stele is seen to project slightly inwards, 
so as to form a small ridge on its internal surface, 
which is often continued as such for some distance 
down the stem. Sometimes, however, it separates 
off completely so as to produce a small xylem- 
strand lying free within the phloem of the stele, 
which either ends blindly below or eventually fuses 
up again with the main xylem strand. These free 
xylem-strands are always present at the subsequent 
leaf-gaps, and, although still remaining enclosed by 


the same endodermis, they become more and more distinct from the main 


xylem-strand of the stele. Later on they may even separate off from the 
stele altogether in the upper part of their course, only fusing with it 
again at a point lower down. The separation of the small xylem-st rands 
from the main stele finally becomes complete throughout, and from 


their starting-point they run as small independent vascular strands ending 
blindly in the central ground-tissue, and having no further communication 
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with the main stelej except sometimes by a small branch near their point 
of origin. 

It seems, thereforct that the internal vascular strands of Ahophih 
€xc&h<i owe their existence to the same initial phenomena as do those of 
rubigimsa ; that is to say, they are probably derived from 
the elaboration of a local thickening of the xylem-ring at the margins of 
the leaf-gaps in the ordinary stelar cylinder ; but they do not appear at 
all until the ordinary stelar cylinder has become dictyostelic. 

The ontogeny thus disclosed for a complex J'ree-Kern may be held as 
a valid suggestion of the way in which the mature condition was achieved 
in descent* It starts from a protostelic state, w'hicli is, however, brief, and 
passes to the solenostelic by intrusion of outer-lying tissues into the xylenv 
core; but this again passes into the dictyostelic by reason of the overlapping 
of the leaf'gaps ^ and lastly, by intrusion of vascular growths from the 
margin of the leaf-gaps, the medullary system is produced. All these 
steps, so quickly passed over in the individual life, are readily intelligible, 
and even probable, in the evolutionary story of plants with a massive 
avis, bearing large and closely disposed leaves. 

I he protostelic state, here so short, is the pennaneni condition in 
most of the Gleicheniaceae. But the most advanc ed species of Ckidh ttm 
{G. dkhoUnna anti pectinata) show signs of solcnostcl)', while in Aht>ph'thi 
pruimUa the solenostelic state afjpears to be permanent. Hut in other 
species of Aii^ophila it also is a i^liase <]uickly passed through to the 
dictyostelic state, which is then permanent. Kinally, the nvedullary 
system absent in A, pruinata^ as it is also in iyickuima^ but developed 
in Cynth^a^ is clearly a late accessory, proUildy consetjiienl upon the 
enormous distension of the pith in reiatioiv to the wide leaf-bases. 

The leaf-trace also presents features of comparative interest : in the 
young plant it consists of a single strand, as it is in all the Ghkhemns : 
in A. pruintxta it ajipears to be so at the base even of the mature kaf, 
though it soon breaks up into separate strands as it passes up into the 
leahstalk ; but in most of the Cyatheae the leaf-trace in the mature 
shoot is from the fsrst composed of a number of distinct siraiuis. 'These 
successive steps again indicate a |irolxtble phyletk progressiori, (he yout^g 
plant showing a condition similar to that seen in sim|>]e]- types, and 
especially in the Gleicheniaccue. 

If the facts derived from the characters of the sorus he put into 
relation to these from anatomy, a substantial parallelism emerges, point- 
ing in both cases towards the Glcichenlaceae as a proliable indicatitm 
of the genetic source. In soral characters Ahtphiki is ilio nearest to 
Gkkhtnm^ and especially to those species in which the sorus is lUi 
longer uidseriate, but consists of a large number of rt-lalively siueiII 
sporangia {G. iikhofmmx and pcAinahi), It is in these verj^ species that 
there is a definite advance tovvards a state of Holenostely not very far 
removed from that actually seen in A. pnxinaku I'rom such a 

i 9 
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vascular type to that seen in the more complex Cj^atheae, the probable 
progress I’las been as suggested in the ontogens^ of exceha^ while in 
the sorus the basal indusium appears as a new structure, and the individual 
sporangia are liable to diminution In size and spore output, as is exemplified 
in the extreme form in Cyalhen dealt>ata. Thus there seems good reason 
to see in the Cyatheae a series having probable genetic relations with the 
Gleicheniaceae, but advanced on the one hand to the baslpetal succession 
of the sori, and on the other to a high complexity of the vascular system. 

This conclusion is in agreement with the palaeontological facts* for 
representatives of the Cyathcae have been recognised as present from 
Jurassic times onwards. It is* moreover, specially interesting to note that 
the genus Ahophiht is among the earliest of the fossils referred with certainty 
to this family* as exemplified by A. pohnka^ desciibed by Raciborsltl 
from the fire clay of Kral:au.^ 

Of Terns in which evidence of a basi petal sequence of tire sporangia 
in the sorus has been observed there remain Omdea^ Spha^ropttrh^ and 
Diacaipe, all genera in which the position of the soms is superficial and 
the indusium basal. The natural place for these genera appears accordingly 
to be in relation to the Cyatheae.- The annulus in these Ferns is almost 
vertical 1 in Sphaeropteris it is slightly oblique, and may be traced as 
continuous past the insertion of the stalk of the sporangium, as is 
characteristic of the Gradatae ; but in Diacaipe and in Onodea the annulus 
is interrupted at the insertion of the stalk. These genera appear to 
illustrate how, when the basipetal succession is not long continued, and 
the orientation of the sporangia not strictly maintained, the annulus is no 
longer markedly oblique, but passes over into the vertical position, and may 
even be discontinuous at the base. This will be noted also in the 
Dkksoma-Davadia series. 


SALVINTACKAE. 

It is impossible to leave the Gradatae without mention of the peculiar 
little group of heterosporous water Ferns* of the genera Saivktia and 
Azoda. They have been so exhaustively described elsewhere that it will 
be unnecessary to give any detailed account of them here, especially as 
they are in all probability a side branch from the main series. Examination 
of their sori shows resemblances to the sorus of the Gradatae 1 it is, however, 
difficult to attach them on these, or on more general grounds to any actual 
genus of living ferns. It would seem probable that the type from which 
they sprang was bomosporous* having an elongated receptacle upon which 
arose a basipetal succession of sporangia, with short thick stalks, and each 
containing 16 spore-m other-cells, Thai with the differentiation of the spores 
followed certain other modifications, such as a decrease in number of the female 
sporangia, and perhaps an increase of the male sporangia : the former is 

* Athandf. Akad. Wist* xviii.* 1S94. ^See S^udi^St iv., p. 5S'S®^ 
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particularly exemplified in the female spqrocarp of Azoih, where the number 
has sunk to a single one: the latter in the male sotus of Suhhiia, which 
shows the unusual phenomenon of branching of the pedicels. Since the 
annulus is absent^ there is no ready clue to the orientation of the sporangia^ 
and it may be a question whether in itself the basipetal succession of origin of 
the sporangia is a real Index of affinity : it Is one of those characters which 
might readily appear in several distinct evolutionary lines. But taken ivith 
the other characters of the sorus, and the fact that In these plants the 
basipetal succession is not always strictly maintained, and does not appear to 
be of any great practical importance, its existence in the Salvlniaceac ma) 
be regarded as a survival of an ancestral character. The soral characters 
would all harmonise with the view that the Salviniaceae are a series of 
organisms related to tl^ie Gradalae, but subjected to modification consequent 
upon their aquatic habit, and upon their assumption of the heteros porous 
state. 


CHAPTER XXXIX. 


MIXTAE. 

There still remain to be considered the great majority of genera and species 
of living Eerns. It is not proposed here to enter fully into the characteristics 
or the classification of them : it must suffice to indicate certain features 
only which they show* and to place them in general relation to those of 
the other Filicales which the Palaeontological evidence indicates as prior 
to them in time. 

It has been found, as the result of examination of representatives of all 
the remaining genera of living Ferns* that the sorus is of the type which 
is designated mixed”: that is, that sporangia of different ages are aggre- 
gated together without any definite sequence ; in fact, that promiscuous 
interpolation of younger sporangia between those already present is the 
rule.^ This is accompanied by an absence of any definite orientation of 
the sporangia, such as has been seen especially in the Gradatae : also there 
is commonly an elongation of the sporangia! stalk, which is often reduced 
to a single row of cells at its base. ^Vith this there is a vertical position 
of the annulus, which is interrupted at the point of insertion of the stalk- 
The numerical output of spores per sporangium has never been seen in 
these Ferns to exceed 64, while lower numbers are frequent. These 
characters are general for the remaining Ferns exclusive of those already 
described, and they are accordingly designated collectively the Mixtae.” 
There may* however, be very great differences in the number, position, 
and extent of the sori* and in the presence or absence of an indusiuin; 
and it is upon these characters that their classification has principally been 
founded. But before such classification can be held as more than pro- 
visional the criteria will have to be extended to include the results of wider 
anatomical study, and of cornparison of the gametophyte. 

It is improbable that the Mixtae constitute one single phyletic line: 
evidence will be adduced that in more than one distinct line of descent the 
mixed type of sorus was arrived at* and that it was probably derived in most 

* See SiudiiSj iv. , pp. 78-87. 
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cases from the type of the Gmdatae, but mii^ht also be produced d[rectty 
from the sotus of the type of the Simplices. It nuist suffice here to tiace 
some probable lines of phyietic origin which have so far emeigech Shough 
others may eventually be recognised . 


D E N N ST A K I )T I A - D. W A LL [ A S E K I l-^S. 

The best accredited Ciise is seen in l-’erns with margina] sori, and it 
has been found that antong them there are forms which lead from the 
Gradatae towards those genera with ntixed sori which have been groujjed 
by PrantI as the Pierideaed It has already been seen that tiiough the 
sorus of is typically basi[jetal (see Fig, 332 fiis, a), occasional 

departures fron^ the strict sequence exist in D. npnjolut^ while in D. mhi- 
^htn:ia the sorus retains some signs of the basipetal sequencct but younger 
sporangia occur interpolated without order among those |)re existent, while 
the receptacle is more flattened (Fig, 339 a). It will be seen that these 
characters a[)proach those seen in DaviiUia. 

rhe genus Davaiiiay as it stands in the Sy^wpsh is a compre- 

hensive one. Sir William Hooker remarks- of the Davalliaei No two 
authors are agreed as to the limits of this group, nor of the genera which 
compose it ; and no wonder, seeing how gradually the genera seem to 
run one into another. To me the genera seem to have been need- 
lessly multiplied, upon very insufficient grounds, so chat in many cases 
1 cannot even adopt them as sub-genera.’^ 'J’l^e result of yir ^Vil]jam 
Hoolcer',s view,, as thus ex[)ressed, has been that he grouped several genera 
of other authors under the comprehensive genus Dmmllia. Hut the 
tendency has since been to reinstate some of liis sub-genera as substantive 
genera, the most prominent case being that of Mkrokpitx \ the characters 
derived from the sorus have been described above, and justify the removal 
of Mkrokpia from the genus Diwaiiitx. 

From the ^ Ru-j}amiiim of the !iyfi&pm FjVia/r/i, observations have been 
made on /J, yrijjitkuuui^ Hocjk, Car,, aimirknsk^ Sniitfi, 

Swartii, and Uivarkata^ Jdume. In all of these the sorus shows various 
ages of Sfiorangia intermixed, while they are ingerted upon a wide, flat 
receptacle. 'J'he sporangia themselves have long stalks wlien mature, so 
that the ripe sporangial head is mised far above those of the 3^oungei' 
sporangia, and thus scattering of the spores is ensured without an elongated 
receptacle. 

The devclo[iment has been specially studied in J). Gfijltihiami, big. 331; i; 
shows a young sorus with the first sporangia ajipearing. It may be noted 
that on the fiat receptacle the first sporangium is in a median position, 
and this may be taken as a slight trace of basipetal succe.gsion ; but even 
this is not constant, and as the development proceeds any .superficial ceil 

Arh, Ky Hot. Gariy /if fj/tiffj vol. i. (l!i 92 |, |>. ij. 

^yS’/wifj i, . ij. 150. 
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of the recepiacte may yrow up into a sporangium^ developing as such m 
any order whatever, and wuhout any regularity of orientation. The confused 
mass which results is shown in Fig. 339 c, and this also illustrates bow* as 
the sporangia grow older, their stalks, composed in the lower part of but 
a single row of cells* become elongated. 1 he vascular strand runs upward 
to a point immediately belovv the surface of the sorus* and there widens out 


/I 



c 



F]C. 3^9- 

A asoruS of Cut veitkaJly and shovring miitd condition in 

ft wrus originftUy basLpct^l. Hit. Young aorui m section, 

showjhg first formaljon of sporangia. C -old ioruj of ibe same, showing aporauglftof 
differtrit agos inlcroiixed- All w 


into a considerable mass of tracheides, surrounded by a thin band of paren- 
chyma, and limited by a brown layer, which is doubtless of the nature of 
an endodermis. 

Examination of representatives of all the other sections of the genus 
DavaUin led to similar results, and it is thus seen that, with the exception 
of Microkpm^ which had already been removed on other grounds by Prantl, 
and accorded a separate place by Christ,^ the genus Ds^vallia shows 


* Famikriitittr^ p+ 10+ 
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unifornnit)' of structure of the sorus on the mixed plan, with flat recepiade, 
and with no definite rLile of orientation of the long-stalked sporangia. 

The connection of the D^fmstaedfia-D<itHii!ia series 
with such genera as Lifidsaya, Phri\ Pdhca, and a 

Adiatdum, where the sori are marginal, seems beyond [1 17 / 

question^ and it is strongly supported by the anatomical 
evidence. But, on the other hand, the sori are liable // 

to move frori; the marginal position ^ this phyletic ! fn 

change is illustrated by very gradual steps. An 
inequality of the lips of the indusium is apparent in 
Mkrokpia {Fig. 332 a): it appears often in greater 
degree in the various forms of DazHilha^ and is 
specially marked in g {Fig. 340), where 

the upper lip appears as the continuation of the leaf- ^Nc^? 

lobe* the lower as a cup-shaped iiidusiLiin apparently 
some distance froin the margin. Lv^aosiegta has long 
been recognised as closely related to which 

also has a mixed sorus, without regular orientation f 'ritr f i.hm . 

of Its sporangia^ while it is protected by an indusium 
of similar form to that of iMtinsiegia (Fig. 341)’ Fhese examples ^vill 

serve as illustrating a feature w'hich has probably been widely effective 

in the descent of tlie Le^rtospoiangiatc 
/ if ' 1 I'crns, vijf, the retreat of the sorus from 

/J fA\ I the margin to the under surface of die 

Aj\ / // leaf. I'Vom Cyst<ipkrk the sequence 

/ / if may with probability be traced on to 

\ jf / -/ the Aspideae^ It w’Ould thus appear 

Y ^ considerable proportion of the 

Mixtae are referable in origin to forms 
marginal position of the sorus. 

A further illustration of probable 
K'' /W relationship, in thLs case to Poiyp&- 

/Y/ 1 is seen in Hypi^kph, 'This 

^enus was included by Kiihn and b)' 
PiantM in the I lennstaedliiiiae, though 
by others it has lieeti placed in ihe 
ilblr I^lerifleae. I’he ni:irgin[il soi i, eo^'cied 

/§^ by tlte rcflexed margin <jf the leaf, 

consist of a slightly ctjcivex rece|)lack% 
yui. jjT- ‘ upon W’hich the sporangia of various 

fytiitptirh frfigUii, Minnuie t>f [!« fcinii front ^ges are inserted in no ilefniite order: 

I -.l^nfeEihlAi. ^ncl flu Phfiriis ciiliaf jjeu.. \Af[c.r IJuLWirr^ ^ ^ 

fT«iii clvrLhi'h./Vi™^raitf/f^.> the annulus is definitely interrupted 

at the insertion of the stalk. It is clearly one of the Mixtae, but the 
afhnity with the IJennsiaedtiinae is indicated by the position and character 

'/..c., |». liS. 
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of the son and the habit, as well as by certain anatomical features. The 
genus appears to hold an intermediate position between the Dennstaedtiinae 
and some Ferns referred to Poiypodbim : the relationship to the latter 
has already been the subject of remark \ for instance, in the Synopsis 
Fiikittfi, p. 130, l)n Griesebach is quoted as writing of If. Pnrdieana^ Hk. : 

Not to be distinguished from but by the specially transformed 

involucrai appendages, and probably passing into that widely-ranging species.” 
Again, ^ under PoiypodhaH {Phcg.) pundatnm^ Thunb, (which Hooker 
regarded as including F. ntguhsum^ Labill), he remarks: Very closely 
related to EnhypokpisP All this seems to indicate a probable sequence 
which would consist of (a) some Dennstaedtiinous Ferns with basipetal 
sori^ (/j) some type with mived sorus, and receptacle within the margin 
which is curved over as an indusium, as in Hypokpi$ \ such a type as 

Polypodhm puHiiafunu Thunb., with 
its definitely superficial, unprotected 
sorus, having sporangia with ages inter- 
mixed, and no regularity of orientation. 

It may next be enquired how far 
the anatomical data will support the 
results of examination of the sori in 
this series. It cannot be assumed that 
characters so distinct as those of the 
sorus and of the vascular system 
must necessarily run parallel; but if 
they do, it is a strong support of the 
correctness of recognition of a phylettc 
line. G Wynne- Vaughan has found that 
in every species of the sub-tribe 
Dennstaedtiinae in which the anatomy 
is known the same type of primitive vascular system, the solenostelic, is 
seen : this indicates the primitive nature of Prantl’s sub-tribe as a whole. 
The statement applies for all species of P>ennstaediia examined, but in 
D. rubi^nos<t the sol cnos tele is not quite typical, additional vascular 
strands being also present : this is, however, the very species in which 
an approach to a mixed sorus is found : thus, the two characters indicate 
that plant as an advance upon the rest. *The approach is towards a 
condition seen in species of Fterh^ where with a mixed sorus there is a 
still more elaborate accessory vascular system within the original soleno- 
stele (Fig. 342)- 

Turning to the Hypokpis-Polypodimn line above rioted, the anatomy 
again supports the relationship. Hypokph is solenostelic i so is P. : 

in fact this species stands structurally isolated among the Folypodieae, and 
is evidently related closely to Hyp&kpis^ which in turn is related to the 
other Dennstaedtiinae.* 

• Filk.^ p, 312. " G Wynne- Vaughan, /.r., p. 735, 





Fio. 34?.. 

Uic tiif (lie v^scul.'ir at (he 

in^crtiou of a lentf. A pitH.'c iy fittijposeti to lic cut 
out of ihe ALile of ihe dolcooHtelep as to the 
in:|«rua| No(t that a smrtH suan^i, 

lyinj; within th? second vdi^cLilor rtngn is ntiso prestnl. 
(Afior Owynite- Vaughan.) 
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In ttie case of LMsa^u the matter is not so clear. The n^ari^inal sorus h 
of the mixed typet but the vascular structure is less advanced than in ilic 
IM>untaedfh-Davaiiia series; it is characterised by possessing in addition to 
the external phloem-mantle a strand of phloem completely embedded in Ihe 
xylemJ In this, however, there is no serious discrepancy : it upjieais that 
the soral and anatomical characters do not always march a[>i'cast ; in 

Liftdsaya the anatomical advance has lagged behind that of the soms. 

Lastly, there is abundant evidence to show that an ultimate state of 
dictyostely has been achieved in the vast majority of the Mixtae: it 

appears already an Dftvaiiia and in Cysfopteri^^ among tl^c series noi-v tmder 

discussion. It may be held as a final modification of tlie solenostclic 

structure, consequent upon the overlapping of the kaf-gaps. And so it is 
seen that in the series tlie anatomical advance is 

in the main parallel with that of the soral characters, though exact parallelism 
is not always maintained. There is thus good reason for holding that the 
series represents a. true line of phyleiic advance, leading from the condition 
of the Gradaiae to that of the Mixtae. 


ON'OCr.LA WOODS! A .SI! U I K.S. 

A phyletic line of progression frotn a basipetai to a mixed stirus, possiblv 
distinct from the last though of much less certaiiuy, may be traced through 
genera where the sorus is already sufierlicial : vi;;. from Omika and 
On the one hand to iVo{}dsia and Ilypotkrns on the other. Tfiesc genera 
have been grouped together in most of the leading systems, and are all 
included under the Woodsieae by Dids.- But an e.xa mi nation of iheir 

sori shows that in Otatckn and Dhcaip? tliere is a basipetai succession tjf 

the sporangia ; this has been demonstrated developmental])' in Otwtko^ 

and the result may be summed up in the statement tliat the sorus is 

characteristic of the ('yatheae; but the sporangium is characteristic of the 
Poly pod iaceae, having a long stalk, and the annulus is delinitcly iiUerrupted 
at the insertion of the stalk, while there is no regularity of orientation. In 
Diacdlpt — ^as in SphiXfropitrh^ as well— there is also evidence of basipetai 
succession (see iv^, pp. 55-60). 

But in Wwiiiia and Hypod^rrk^ where also tl^e .sori are .sujjerficiai and 
the indusium basal, the case is tliffcrenti in IJypfHkrrh the sorus is clear]) 
of the mixed type, with flattened receptacle : the same apj^e^ns tri the 
case in Woodufii though the small number of sporangia makes the decision 
less certaim Full anatomical data arc not at hand for com|xii'ison, though 
Onodea at least appears to have already an atlvanced t)|)t: of dirtyosicle. 
The evidence, .such as it is, appears to indicate that a line of advance frtmi 
a basipetai to a mixed sorus has existed among the Ferns witli superficial 
sorus and basal indusium, of Cyatheaceous aflinity. But these forms rccjuire 

* Tarsivy and Luiltaia, Antt, t*/ xv[,, p, [57, 

^ Englvr and [^antt, i. , 4, |}, 15^, 
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a careful revision, with special reference to their anatomical characters, 
before this progression can be regarded as established. 


MATONlA-DIPTbRIS SERIES. 

The genus Dipterh^ Reinw., so long merged in the comprehensive genus 
J\iiy podium on account of its sorug being naked and superficial, has recently 
been restored to its independent positionj and is now held to be the sole 
representative of the family of the Dipleridinae.' There is little doubt 
that this position is justified, while among relatively primitive types the 
family finds near allies among the Matonineae. 

The genus is represented by four living species from the Indo- Malayan 
Flora, which ilUisirate an interesting progression in leaf-architecture. They 
all have creeping rhijionres, showing occasional dichotomy, the type of shoot 
being closely similar to that of Maidniay 'J'he axis and the bases of the 
leaves alike are invested with a dense covering of hairs, which are, however, 
flattened into elongated scales, an advance upon the filamentous hairs of 
Mdtonia, I’he leaves of the different species vary in area, but are alike 
in plan : upon the end of a long petiole is borne a lamina which is repeatedly 
branched in a dichotomous manner. The branches may remain narrow, with 
a marked midrib and lateral flanges of no great area, as in D. Lohbiana^ 
Hooker, and rpti nqifefurcoia^ Baker : or they may be broader, and be 

more or less webbed into a lamina, which is, however, still divided by a 
.median sinus into two symmetrical halves i this is seen in D. conju^afci^ 
Rein ward (Fig. 343 a ), and D. Walikhii^ Hook, and Grev. This leaf- 
structure is comparable with that of Matonia^ in which also the outline of the 
lamina is referable to a dicliotomous branching, and as in that genus, so 
here also the sori are in the narrow-lobed species disposed upon the flanged 
wings on either side of the midrib. Their relation to the area of the leaf- 
surfaces within this very natural genus is instructive for comparison with 
■other Kerns. In the narrow-leaved Z?. Lobbiana^ and especially near to 
.the bases of the several lobes, the sori form a regular linear series on 
.either side of the midrib (Figs- 344 and 343 e ). In D. quinquefurmhi the 
lamina is larger and the segments broadei than in D. Lobbiafu^^ and the 
.areolae within the veins on either side of the midrib are larger, and contain 
more sori ; these illustrate various degrees of fission, and thus they become 
: spread over the enlarging area {Fig. 345). IX IVa/lfchii appears to occupy 
.a middle position between these species and the large Z>. for 

.it is described as having the ultimate segments linear in form, and the 
sori as being similar to those of D, CQiijugata^ but more numerous than 
in D. Lcbbi(i 7 ia or quinqu^fur^afa. Lastly, in the large-leaved Z?. conjtfgais, 
the bifurcate lamina is broadly webbed, and the very numerous small 
sori, which are distributed over the wide expanse, may be circular or oval, 
.and not always distinct from one another: they may vary much both in 

^ScMfard and Dale, Phii* Tram.^ vol. cscjv. , p. 4S7, 
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and shapet and their individuality is often lost, so that nearly the whole 
of the lower surface of the frond appears as though densely covered with 
a mass of sporangia {Figs. 343 a c, and 346). 



Ktin'*, Hemw- nif tn:i[iirt i^NbikC^ 

A = Jial«( ni a y^tUrt}; |pl:kll[. C'=fKil'L u-f ;i fcrLllr: knf vitrJj ™ii:i[j«ii iiltd D — 

nnpj [Uir^^ilkyici cnljir^c^l A« ff. / (Hh'CpIi-}’ wl n fmtic 

M-itji Tciiiniuii anti »ori. /J Kiitpi^t--- A liviit ICiiijkr 

niid J’ran|.l, A'fif, 


There seems to be only one probable way of reading tliesc facts 
phyletically. Comparison points to Maionia and as jjrimilivc 
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types of leafj to which that of Dlpkrii h related by D. Lobbiana^ but 
from this simple narrow-leaved type^ with its single row of son on either 
side of the midribj the broader- 1 caved Dlpierh has broken away as its leaf- 
area enlarged, and the son have been spread over the extended surface, 
while the absence of their individuality gives the key to the way in which 



Fifi, 

(Hflok-X I^ttiore, 
V,\m Hjf iwu piTinnie, itiowin^ Tinrrflw form, 
variation, and regnlaif diiposition ftf tKe 
tioiu Nftiural 



FiC- 345. 

From a CoLleCiCd ljy_^ Capt- Hop«, 

<»n the Chinn SlatiDn/’ but wirliout tsiacl [oc^ity: 

^NtM^ut/utrcftia; Baker Pinna 
^«win^ greater wt4lh, aptt) sori arranged belflw itt iwo 
lateril Series -its in D. but spreading OtU 

upwards, with many fissions, over ihs more e^tende^l 
surface. Naturnl iue. 


the result has been brought about, viz. by fission. This process, so clearly 
seen in the few species of this very natural genus, has probably occurred 
also in other types of Ferns. It is suggested by Kaidfussta among the 
Marattiaceae, but much more obviously in various lines of the Polypodiaceae- 
It will have to be reckoned with in any general conception of the phylogeny 
of the leaf in Ferns. 

Examining the sorus itself, it is composed of a number of sporangia, 
and numerous glandular hairs are associated with them, The sporangia 
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show no regularity of position or of orieiitatioiv such as is seen in A/(jhifih\ 
there is also an absence of any projecting receptacle. The sjjorangia of 
the same sorus have been found to arise simultaneously in /X /jMtufia, 
which may in this respect coTitj^are wltli Matmtia^ JJut in D. cofiju^^ahi 
they are formed successively) while those which appear later are distributed 
without order amongst those first formed. The soruFh, in this res|iect, 
compares with that of the ilixtae^ hut the succession is not long main 
tained. When the individual sporangia arc e:^amined an essential 
difference is found from the Pol^podiaceous sporangiumj with its vertical 
ring ; for here the anniulus is not only oblique^ but also twisted ; the series 
of cells of the annulus can be traced laterally past the insertion of the 
stalk, but the induration of their walls is interrupted at that point: the 



Fiti. 346, 


Kciit. P'ortEaii leaff l(iv ^LlT^iLL■c^ ilit v^tULini; 

llie pinii.ic, (hi: v^naii^jn, ^irid (Ik niinitnjM* M>ii £.«vr Oil- -^urfaci;- 

Nncurul »i 7 ie. KiaSr ^^4^346. .iNcr Jra wiii|rs IjJ' ^[^. A, K- 

ddusccncc is lateral, but there is no clearly defined stoiviiuttt, "I be 
sporangium itself is smallj and the spore-output has been found both in 
lA, Litbhnita and in /A to aiiproatrh the typical luimher of 64. 

Comparing this s]jorangial structure with that of otlier f'erns, it h actiiiilly 
most like that of the Cyatheae, though the interrupted induiaiion of the 
annulus points a further departure from the prinitlive ty|K.% such as may 
with reasonable probability be found in the sporangia of A/tj/fjjfiit, and 
ultimutely of G/t‘tWti /fiaA 

Turning to the anatomical characters^ they bear out die above <om- 
parison ; for the rhiiiome contains a simple snltnosiele. w]ij|c the leaf-trace 
comes off as a single ribboridike strand, optining a leabgap which scHin 
doses agaim 'The margins of the peiiolar strand curve inwimls to form 
the usual horse-shoe curve, winch only breaks up at a point close below 


* Ktfc Misis Anutjtir) irjK?7. 
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the lamina^ ri:iese are all relatively primitive characters, and unusual in 
Ferns showing a mixed sorus ’ they direct the line of comparison down- 
wards to Maioma and Gkkhema. The former has a vascular system of 
the same type as DlpUrh^ hut it has run into greater complicationsj 
with its concentric soleno steles. Both genera, however, arc considerably 
in advance of the most complex Gkichiniat. Yet all these Ferns appear 
to conform in their various degrees of elaboration to the same vascular 
type, 

rhere is, however, no exact parallelism in the soral and vascular 
characters, Gkkhema is the most primitive in both respects ; white 
Matonia is the most advanced of all in vascular structure, its sorus is still 
that of the Simplices, though it has only a small spore-output per sporan- 
gium, and a protective indusium is present ; but as this is apparently 
absent in Laccopterh^ it has probably been in Matonia a special generic 
feature. Dipterk^ with its vascular system taking a middle place, has the 
most advanced soral condition, as shown by their distribution on the leaf, 
by the flat receptacle, and by the mixed aggregation of the sporangia in 

coaju^ata. But still it proclaims its origin by the absence of indusium, 
the oblique annulus, and the imperfectly differentiated stomium. The sum 
of characters justifies the conclusion that in Dipkrh we see a genus, of 
origin from a stock included iri the Simplices, in which at least one species 
has passed, apparently without the intermediate state of a basipelal sorus, 
directly to the condition of the Mixtae^ 'Fhere is, moreover, good reason 
for holding that this phyletic line has proceeded quite independently of the 
other progressions to a mixed sorus which have been traced elsewhere* 

■ Finally, the palaeophytological data harmonise with this conclusion ; 
for representatives of the Dipteridinae figured largely in the Mesozoic 
Flora, as far back as the Rhaetic* with sori agreeing in form and distribution 
with these of DipteriSj but the. annulus is described as probably complete.^ 
This point may be considered doubtful ; but if it were confirmed it would 
fall in readily witb the phyletic position suggested for the Dipteridinae. 
The conclusion of Seward seems fully justified that Maiania and Dipkrk 
are linked together as remnants from a bygone age* They have advanced 
independently, the one to higher vascular complexity, the other to a distri- 
bution and construction of the son characteristic rather of the more recent 
Ferns than of its own progenitors. 

It has now been seen that the condition of sorus characteristic of the 
Mixtae is absent from the Ferns which Palaeophytology tells us were the 
most primitive, but that it is the prevailing feature in the Ferns of the 
present day* It has also been seen that steps leading from the more 
primitive condition of the Simplices and Gradatae to the mixed type of 
sorus exist in certain Ferns : and further, that there is a probability that this 
end has been achieved by progression along more than one phyletic line: 

^Seward, /.j., 507. 
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these conclusions have been shown to be supported b) the facts rjf anatomy. 
It mustj therefore, be allowed that those Terns which are associated under 
the general heading of *‘Mixtae'^ are relatively late derivative forms* 
and that they do not constitute a natural group, an} more than do those 
plants which are heterosporous or those which produce seed>i. It woiitd 
then seem desirable to proceed at once to divide this heterogenous group 
into true phyletic sequences. But to do this requires much greater com- 
mand of facts, and especially of those of anatomy, than is at present 
a^’ailable. Here it must suffice to recognise the unsatisfactorincss of tlie 
present position, and at the same time to give a very few general indications 
of the form the future sysienii may lake. 

It would appear probable that the main bulk of the Mixtae have been 
derived along a line where the sori were marginal^ with the Deniistacdtiinae, 
the Davalliirae, and Pterideae of Prantl as early representatives of iL This 
Avas accompanied by transition through the sokmostelic to the dictyosielic 
structure of the stem* A gradual shifting of the sonis to the under surface 
of the leaf also occurred, till the condition was reached as seen in the 
Aspidiinae and Asplentinae of Pranil. (ieriain forms allied to these* losing 
their indusium altogether, constituted one section of the old comprehensive 
genus Pslypodiam. All through the more advanced members of tins 
sequence the dictyostelic structure of the stem was maintained. Another 
contingent, with very similar final result, probably arose from forms with 
superficial sori and basal indusium, allied to the Cyatheac ■ in this also 
the dictyostelic structure is seen. A third series, also with superjlcial sori^ 
is represented hy the Gkuhifth-Afak^ida-Dipkfisi lliAe : it is true that 
'DipUris is at present the only recognised representative of this sef|uence 
which has attained to the rank of the Mixtae, and it has consequently 
been removed from its old position in Ptdy podium. It seems, however, 
not improbable that future investigations may add fresh contingents from 
the ranks of Polypodumiy and possibly from sf>me other genera, and one 
useful criterion will be found in the stem structure, for iu the recognised 
forms it IS persistently sotenostelic. 

The attempt will not be made at present to assort all the remaining 
forms of Poly[jodiaceous Feins into probable phyletic sequences] they are 
left to be dealt with as knowledge increases* Meanwhile the general view 
of them will be as of a brusli of diverging phyletic lines, which have proAed 
blind. In fact, the ultimate fulness of development of the Hoimjsporotis 
Ferns ts that which is liefore u.s lo-dav. 


CHAPTER XL. 


GENERAL COMPARISON OF THE FILICAl.ES. 


The burden of evidence in the comparative study of the Fetus has 
habitually been, laid upon the sporophyte ; indeed^ this was a matter of 
necessity to the older Pteridologisis, since the piothalli were then practically 
unkno^vn. But subsequent investigation has largely justified what was at 
Itrst a matter of circumstance rather than of choice : it has been shown 
tliat for very many Ferns there is a dead level of form of the gametophytCj 
while it has been proved to be possible, by varying the conditions of growth, 
to elicit great differences of developmetit even in individuals of the same 
Species. It is true that while some groups of Ferns have habitually a robust 
prothalluSj as in the Marattiaccae, others show’^ habitually a delicate and 
sometimes a filamentous type, as in the Hymenophyllaceae or Schizaeaceaej 
while the same appears also in Viftarla. But though in some measure such 
characters may be held as useful evidence, the very slight positive features 
that the vegetative development of the prothallus presents, and their liability 
to modification, wdll always derogate from its importance in comparison. 
'I’urning to the sexual organs, they vary in their level, being either sunken 
or projecting ; and an interesting parallel may be draw^n between them and 
the sporangia in this respect, for they are habitually sunken in Eusporangiate 
and projecting in Leptosporangiate forms. The archegonia are singularly 
uniform in structure throughout the Ferns ; but the antheridia show' two 
distinct types as regards dehiscence t the one, in which a cap-cell breaks 
away at maturity, is characteristic of all Ferns with an oblique ai^nulus, with 
the exceptions of Ancimia and A^ohria \ the other, in which there is a star- 
like dehiscence, includes Anehnia and Alohria^ together with the whole 
body of the Polypodiaceae- Such facts are interesting as a confirmation 
of the results of study of the sporophyte, for they group together on the 
basis of a gametophyte character those Ferns on the one hand which 
comparison of the sporophyte indicates as primitive, and on the other 
those which are held to be later and derivative. It is in this way that 
the characters of the gametophyte may be used, as ancillary rather than 
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dominant in our comparison!; and the burden of the argument must still 
rest upon the facts derii-ed from the sporophyte generation. We shall then, 
excepting for an ocetisioiial reference, leave the gametopliyte aside in the 
present discussion, and review the characters of the Kern-irlanl in its relation 
to the general theory of the sporophyte. 


Exi IlRNAL ClIARACTKkS. 

The Ferns are the character! si ic megaph) lloas mernhers of the Ptcrido- 
phyta, and thus differ mark(;dly in habit from the s nisi] ler-l caved slrobiloid 
tjpcf). It is necessary fiirst to inqQi]'e are their probaltie relations lo 
these series. In point of time the dislinetion of habit dales bach as far as 
the earliest known fossils, arid accordingly it is only by com|mrison that any 
opinion can be formed as to their origin by descent, and then only as a 
probability^ not as a (.■Icmonsii'acioit^ Hie similarity of life^history 
however, that the spor<>|:ih)'le of the l ern as a ^vhole coriesponds ic> that 
of the strobiloid E^^pes: the further question will then be as to the 
correspondence of the parts, especially the axis and leaf. 

The chief difference lies in the propoilion of leaf to hTxis, and In the 
branching of the leaf, not in the fundamental relations of tliO'-se parts as 
regards origin or position : this is specially obvious in upright growing 
species, with radial symmetry of the shoot. In the Ferns, as in other 
Pteridophytes, there is reason to regard ilie radial type of the shool as 
primitive, notwithstanding the fact that a very large p30[jortion of living 
Ferns are dorsivenlrab Among the I'ernH of tlie JVimai v Rocks no dorsi- 
vctural type of shoot has been described, unics.s it be the J*crmo ('ai boniferons 
genus the relation of which to the true Ferns is still a matter 

for discussion. It is possible that a creeping rhUnme may have estsled as 
the base of insertion of some of the unattadied fronds, hut still in the 
abserice of demonstration of this the evidence points to tlie radial t^pe as 
having been prevalent, 'rhis is the case with the various stems designated 
Cauhpkrh^ in many of which the leaf-arrangement is on a spiral [ilan ; 
even those designated inhere the leaves are distichonsj were 

of radial character^ and al] evidence indicates that their position was upright. 
Among the best known of the early forms are the Potryopterideae, which 
had relatively thin axes with leaves in some eases closely aggregated, in 
others more laxly disposed i both types are of radial constniclion. d'hus 
the evidence, so far as it goes, indicates that the radial iyj>e of shoot was 
prevalcnlj if not Indeed exclusive, for the early J^’erns. It is exempli bed 
by the Hoiryoplerideae, the Marattiaceao, and the Osmundaceae, all early 
types, 

That large-leaved forms would be mechanically unstable structures is 
obvious, especially where tlie stem is thin and the inEeriiotlcH of appreciable 
length. There is an inherent probability that such axes should become 
oblique or prone, with a dorsiventral development as a natural consetpicncc. 
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Examples iliustratiiig that ihis has actually occurred have already been seen 
in the living Marattiaceae; while Aif^^topfcrts and Maraftia have upright 
and radial stocks, that of Datmea becomes oblique or even prone as it 
gro’ivs older, and Kaidfu^sia^ with its longer in ter nodes, is a creeping form. 
In all of these, however, where the embryo is known, the shoot is in the 
first instance erect. It seems plain that there has been a transition from 
the upright and radial to the prone and dorsEventral type. 

In the living representatives of those sequences of Perns which culminated 
in the Leptosporangiate group dorsiventrality is more common, and it is 
already seen to be prominent in such early types as the Schizaeaceae, 
Gleicheniaceae, and Matonineae, though the Cyatheae and Dicksonieae are 
strongly radial. There is some reason on anatomical grounds for thinking 
that the living Hymenophyllaceae show in their radial types a recovery of 



Fig, 347. 

Portion ■ol' (he WAf of a Mcdhrig of ttsplfnium serpentiniy jhowlnE hflw 

dichotomy uccampAnies the marginal growth. x 190. To the left a dt9Lgra.mmotie 
rOpre^entALion. of the same. (After SAdehcck.) 

the upright shoot from the creeping rhizome, and this may have occurred 
in others of the Leptosporangiate Ferns. However this may be, the 
Leptosporangiate Ferns show radial and dorsiventral development so 
intimately intermixed that it is more difficult in them to trace the probable 
evolutionary relations than in those groups which are clearly indicated as 
the most ancient. But taking the facts over all, it appears reasonably 
probable that the primitive shoots of Ferns were radial, and that dorsi- 
ventrality was here as elsewhere derivative.' 

In some Ferns the axis remains unbranched, as in the Marattiaceae, 
III others dichotomous branching of the axis Is seen to occur, and there 
is reason to recognise this as a primitive mode of increase, since it occurs 
characteristically in relatively early forms, such as in Lygodium^ in the 

1 Mr. Tanstey remarks very periir^ently that dorsiventrality is not very common m 
fern steles^ in spE(e of the prevalence of creeping rhizomes ** (AVw Phyiohgisty igOfi 
To those who hold that vascular structure follows rather than dominates development this 
is important evidence in favour of a pi Itni lively radial construction of the Fern-shoot. 
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Osmundaceae and Matonineac, and occasionally in other genera, for instance 
in Cyat/ica and in Fiens. On the other hand, a^itbry branches are foLind 
with a high degree of constancy in the Botryopierideae and Hynieno^ 
phyllaceae- In other Ferns buds are found in. varyiiig relation to the 
leaf-bases, and at^ various other points upon the leaves : all these appear 
to be different in their nature 

and origin from the termina], ^ y 

dichotomous branches above / 

mentioned . 

The architecture of the K 

leaves of Ferns* with their C^' ' 

complex and variable out- r \ F 

lines* presents features which 

are important for comparisoa ^ ) 

For long the developmental C } j ) 

interest centred in the apical ^ 5^ 

segmentation, as exhibited in iS^ ■' 

the Lepiosporangiate Ferns ^ T 1 I / 

with their single initial cell. i 1 L/ 

It was not till 1874 that \ ^ 

Sadebeck extended that in* F 

terest to the marginal growth \ 

of the ultimate pinnules, and 1 [ 

showed in the case of Asp/cii' ' ^ 

turn Sfiipfierdi that the Ust 

branchings of the veins are /T/Atj™ ouriij,^; or ^ k/iiiiit. The br.wtkini; 

true dichotomies fFic ■tj.?') Cl^arlj' :ti[;luJl^J:lMJU^. Tit? 4 »| 3 ei( hHi,> Fntt» 1o^h;’i t ancE j, 

The same was shown later bv t ■‘^'1 4 

^ ^ Aljrttliirly iHirintJ, Th? ItNLl-NfMiiJlc tniA'hi;-) A, k-- (Mlly .1 liArfuwL-f 

Prantl in the Hvmenonhvi- (koniem ^if itni lAinin:i whkh ix niLt:h;iiiic^|iy 

laceae : such dichotomy may 

be held to be wide spread in Ferns* and its results are apparent in the 
external outline of many young leaves; for instance, it cannot be missed 
in the case of Aikmrus enspus^ quoted by (joebcl (Mg. 34^i) : here the 
successive pinnules are produced as branches of a dichotomy, and are 
successively relegated to a lateral position right and left : the whole pinna 
IS thus a sympodial development of a dichotomous sy.'^tem, though w’hen 
mature it presents an appearance of pinnation. 

Dichotomous branching is a very obvious feature even in the mature 
leaves in some of those Ferns which are believed to be relatively primitive. 
For iustance, in the Schizaeaceae* and es|5eeial]y in Schizaaa itself* wliile 
the same is seen with modifications in the pinnae of Lyg^dinm} Again, 
m Afa/ama and lApterh Jt is very obvious, though with sympodial develop- 
ment of the branches; and in the Hymenophyllaceae, especially in the 

* S<c Fiantl* Utiten. s. Morph* d. Copies hrypio/^atuen* I. /Jio //yttirnophy/Za^fun 
Fie Sehiteieaaefif^ 


/T/Atjjr jfj e'j-m/jUl OuElij]? of n The Ijr-inching is 

c]4;:irlj' [t■[;luJl4J:■M?u^. Th? 4i|3ei( hHi,> ilpvid^'it Int-j Idhi’i t j, 
Eif i^'liicli E ti, ill? ^E^oElJ;l;^■ jiBnl iidininiit^ (hi; ^irouih^ a lisi'iiis n 
LiCct.lL loljt. K?l^n' w? hiiM-? _t -inil 4 whitli lU'iVi; ti??„ 

.NljAtlirly rHinhtjd. Th? ttNLl-\fiiiid]? (niA'hi;-) ,V, E'- Mlly .1 liArfuwL-i- 
fiOriiEM] ihf iIh: hkiiiiii;i u-likh j.x ^ulivuiiit^rvtly niLt:h;iiiic^|iy 
Mr?[ij;[li?ii?il, (.^Twr OcKbc:l.) 
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distal branchings. Moreover, the prevalence of dichotomy in the venation 
of Ferns at large is to be taken into account in this connection. Lastly, 
dichotomy is a common feature in the first leaves of Fern-seedlings^ and 
is ^ecn, probably as an occasional reversion, abnormally in the later leaves 
of many Ferns, being sometisnes a persistent character of varietal forms. 
These facts suggest the enquiry as to the branching of the leaves of the 
early Ferns : it has been pursued by Potonie, who finds among the early 
fossils, and even among those of Pecopterid-type* evidences of dichotomy 
which lead him to conclude that the tiuly pinnate type of leaf-construction 
in all its parts originated phylogenetically from the true dichotomy^ 

Potonie strengthens his position by noting certain palaeontological facts. 
The Archaeopterids from the Devonian, Culm, and lower Carboniferous 
have no midrib in their ultimate pinnules, but are characterised by parallel 
veins, forked in a fan-like manner. In highei strata, however, a midrib 
with lateral veins is found. Reticulate venation was apparently absent from 
the Ferns of the Culm, and appeared in the Middle Carboniferous, while 
tlie higher type of reticulation, with areas of smaller meshes filling up the 
meshes of a larger reticulate system, occurs first in the Mesoiioic period. 
The fossil record would thus support the early prevalence of dichotomy, 
so far as venation is concerned. 

Before accepting Fotonic^s conclusion an examination of the development 
of the apparently pinnate type in living Ferns is necessary. In 1S75 Kny 
showed that in Ceratopteri^ the lower pinnae arise alternately below the 
leaf-apex, the branching being monopodiah and without individual relation 
to the segments of the apical cell.- This origin of the lower pinnae has been 
verified also in other Ferns, and may be taken as the usual type where the 
leaves are elongated and the lateral parts numerous. But it is to be noted 
in such cases that the pinnae themselves may branch dichotomously, that 
towards the apex of the leaf there may be a gradual transition to a dichoto* 
mous branching, the pinnae being then produced sympodially after the 
scheme seen in the pinnae of Aihsorus (Fig. ^48) ; and that in all cases 
the pinnae arise in strict relation to the lateral wings or flanges of the leaf. 
For, however much disguised by special developments at the base of the 
leaf, or by the bulk of the leaf-stalk in proportion to the wings, still every 
Fern-leaf is essentially a dorsiventral structure, with margins which may or 
may not be developed as projecting wingS; but can commonly be traced even 
down to the base of thp leaf-stalk ; and it is upon these that the pinnae 
originate. The general facts may be summed up thus : that the branches 
arise marginally on the flattened leafj that where the leaf is massive and 
greatly elongated the lateral parts are laid down monopodially* but where 
the surface-growth predominates there is dichotomous branching without 
the formation of a strong midrib \ but the one type may pass into the other 
in the length of a ^single leaf® 

^ pp. iio isi. = Compare Kiiy. Purkeriacs^i^ Taf. xsiv. 

* Compare Goebel, Or^ni>graplxy\ 317. 
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In 1S84 I formuliited a theoty of origin of tht " phyllopodiMm, ^ or riichis 
of the leaf, chiefly based upon comparative stud}’ of the leaves of l-’erns.^ 
It was pointed out how in an enlarging dichotoiiKJus system a main rachis 
asserts itself as a supporting organ among parts siiniiar in origin and structure 
to itself. This theory of genesis of the Fcrndeaf may no^v he restated as 
follows : the Fern leaf was orlginall)' a limited structure of flattened form, 
endowed with growth at its distal end ; this growth was conducted iviih fan like 
segmentation, but it was apt to be localised at points which diverge dichoto- 
mously. Sometimes the margin remained entire, and the fan-like expansion 
is then traversed by dichotomising veins: it is not improbable that this is 
really a secondary condition of condensation of a bra nch’sy stem. More 
commonly the margin grows out dichotomously, the veins following, and 
a fan like forking is produced such as is actuall)' seen existent in many 
Ferns. But frequently with the enlargement of the branclvsystcm the 
equality of the forking was not maintained: certain branches took the 
lead, and a sympodial development resulted in a rachis being produced, 
as a strong support for the rest, though primarily it was of similar origin 
with them. It is but a slight modification which would establish the rachis 
thus initiated as the definite ‘^phyllopodium,” upon ’■vhich the earlierj and 
sometimes also the later branches would arise monopodially, being lateral 
from the first: and thus a Pecopterid'type of leaf would result. The facts 
certainly indicate that such a transition has been effective in descent, though 
it may be a question whether all pinnate types^ for instance the Marattia- 
ceae^ originated in this way. Lastly, it may be noted that the winged 
structure, so prevalent in Fern-leaves as lateral lines leading even to the 
base, still indicates the ultimate origin from a fiaUened expansion ; the 
margins may often still be traced in this w^ay even where the petiole is 
almost cylindrical in form, 

A theory of the whole shoot based upon similar progressions was also 
suggested in the same Memoir in 1884, viz, that just as the phyllopodium 
gradually asserts itself as a supporting organ among structures of similar 
origin and structure to itself, so also the stem may have gradually acquired 
Its characters by differentiation of itself as a sup[>orting organ from other 
members similar to itself in origin arid development, A similar idea has been 
subsequently expanded into Potonie',s theory of origin of the Fern-shoot.“ 
There seems to be no sufficient foundation in fact for its acceptance. In 
* the first place, there is in Ferns no known case where the axis and leaf 
appear as the two branches of a dichotomy, so that the suggestion is imrely 
hypothetical : it is based only on analogy with what is learned from the 
comparative study of the leaf The strength of the argument referring 
the branching of Fern-leaves to an original dichotomy rests on tlie fact 
that that mode of branching commonly appears at the apex, and is specially 
apparent in the lateral branchings. Inhere are no such examples showing 

^ Pfti/. Trant.^ 18B4, pari ii. , pj], 

^ p|>, 156-159. 
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leaf and axis as branches of a dichotomy. The leaves always originate 
monopodially. Secondly, other Pteridophytes, such as the Sphenophylls 
and early CalamarianSj exist with bifurcate leaves^ but without any 
suggestion of an origin of axis and leaf from a common dichotomous 
system. These grounds, over and above the inherent improbability of 
the comparisons mth Fucoids introduced by Poionie, or with the game* 
tophyte of Liverworts by other writers, should sutfice to show that the 
suggestion which I threw^ Out in 1SS4 is uiitenablej as I very soon realised 
it to be. All developmental evidence shows that the axis in Ferns, as 
in other plants, was throughout descent a part of distinct origin from 
the leaves which it bears. 

The dichotomous theory of origin of the whole shoot, including axis 
and leaf, has been supported also by Tansley on the basis of anatomy ; and 
it has been pointed out that analogies exist between the structure of axis 
and of leaf in certain early fossilsd Especially it has been showm that there 
is an approach to a radial type of construction of the lower region of the 
leaf in certain cases. It need be no surprise lliat such similarities to 
the structure of the axis should exist in an appendage which is a part 
of the same shoot as the axis; as the leaf became larger and more 
important its requirements w'Ould become similar to those of an axis : to 
meet these a structure analogous to that of the stem would then be 
probable, such as is actvtall)' seen, In the facts adduced I see nothing 
stronger than structural analogies 1 this class of evidence carries little 
weight as against the objective fact that in living Ferns the leaf is always 
seen to arise monopodially. Thus the dichotomous theory, which is based 
on analogies, appears to break dowm in the absence of developmental 
fact. 

It is possible now' to institute a comparison of the shoot of Ferns with 
that of other Pteridophytes, and to consider its relation to the theory of the 
strobilus. In its original radial structure, with derivative dorsiven trail ty, 
and in its occasional dichotomous branching it corresponds to other 
strobiloid types. The genetic relation of leaf to axis as actually observed 
is the same, and in point of fact it is in the proportion of leaf to axis 
and in the architecture of the leaf that the chief difference lies. But among 
strobiloid types, and especially among their fossil representatives, the leaf 
is not always small or simple : the leaves of certain living Lycopods 
(Z. ierratum and hoetu) are relatively large, as were also those of some 
of the fossils, notably SigUlaria. The branched leaves of the Spbeuo' 
phylleae and Psilotaceae, and even of some of the Calamarians, such as 
ArchaeocaiamiieSi and notably of Pseudoborma^ are Instances of branching 
of leaves in strobiloid forms. Again, in our view a great leabenlargement 
in a fundamentally strobiloid type has resulted In the Ophioglossaceae. Thus 
variety in size and complexity of the leaves existed in other Pteridophytes 
besides the Ferns. Even the dichotomy which is so frequent in the first 

^ N'ew Phytoiegist^ ]E 
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leaves of young Ferns, and lies at the basis or the urchiiecnirc of the uKiiuie 
leaves, rinds its counterpart in the dichotomy seen in ceriaiii strobiloid 
Ptendophytes. 

It is trae that the LeptosiJorangiate Ferns shou' a very distinctive mode 
of segmentation both of apex and margin of the leaf ]jiit it has been 
shown that in this character the Usnnindaceae form an intoimedlate step 
from them to the Marat tiaceae, while the latter diverge clearly from the 
Leptosporangiate type. It is thus seen that the definite segmentation of 
the Leptosporangiate type is no essential character of tl^e Fern-leaf at huge. 
Such considerations point to the justness of tlie view that the FeJi’i-leaf, 
however different in si/e^ in continued apical growtl^, aixl in its segmentation^ 
IS essentially comparable with the smaller and simpler leaves of the sLrobitoid 
forms. We shall therefore accept the concUision that in the evolution of 
Ferns some such leaf-enlargement as is faintly indicated in certain strobiloid 
Pteridophytes, and notably in the Ophioglossaccat, ivas carried out to a 
higher degree than in any other Archegoniate PlaiUSH It would ap|>car 
probable tliai the Ferns, developing early towards megaphylly, worked 
out to the fullest such methods of lear-enlargcment as are outlined in 
some other early types; in fact, that they were ultimately derived from a 
smaller- leaved ancestry, with a strobiloid shoot not unlike tliat which 
remained in the rest persistently small-leaved. 

As regards the differentiation of their leaves, Ferns show' a comparatively 
low position. In a very large proportion, in which are included most of 
the types which are held as primitive, the leaves are general ^HUposes leaves ; 
each Serves at first for protection of the aj>ical hud, and on unfolding is 
at once an organ of assimilation and of propagation. 'Hie difibrentiaiion 
of trophophylls and sf^oiophylls is usually marked by a reduction of the 
assimilating surface where the sporangia are borne r e\am|jles are seen in 
StruihiopkHs and Bkihuan^ in Aenfstkhum and and the 

distinction Is to be held as a morphological advance which had, howe^^er, 
already made its appearance in the Ferns of the Carboniferous Feriod. A 
good example of this is seen in the Hymeno[j]ii)'llaceac, where the leaves 
are undifferentiated in IIymi:naphyilum ; I Hit in certain species of Tikhmuami 
Fi'eii,\ the genus ivhich on other grounds is held to ha more specialised 
than Hymt'ni^phyiiiim^ distinction of sporophylls from trophophylls is seen. 
Sometimes the differentiation may be hetiveen parts oH the same leaf, as 
in and the fact that within this gcuns the relative position of tlie 

sterile and fertile parts may vary intlicates that the distinction is not very 
deep-seatedi Innumerable middle-forms between the sterile and fertile 
conditions further indicate how imperfect the differentiation actuEilly 
is. A further sj>ecialisation of certain leaves as protective scales is seen 
in Osmufi^a s^nd m some elongated rhizomes i in such cases the rudiinenlary 
ieaf-apex shows that these are potentially normal leaves diverted to the 
protective duty, ft thus appears that the differentiation of the leaves in 
Ferns is not on a high scale : that they are all essentially of one type, and 
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tliat tlial type was probably tlie troplio-sporophyll ; in fact, the Ferna show 

a Selago condition of their shoot. 

As in other IheridopliyteSj so here the question is an interesting one 
at wliat period fertility of the plant may begin. In inost Ferns the period 
is late, especially in the larger formsj and, as in the strobiloid types, this 
may be ascribed to a progressive sterilisation of the earlier leaves. But in 
other cases the formation of sori may tiappen relatively early, and these 
serve to direct attention to what was probably a more primitive condition. 
As examples wliere an early fertility is seen there may be quoted Bkchnum 
Swart/,, in which, however, no exact record was kept of the leaf 
on which sporangia were first seen. In specimens of Fteris heUr&phylia, 
L. var. inienuihi^ supplied by Messrs. Hill, the fourth or fifth leaf of the 
seedling already produced sori ; but an extreme case is that quoted by 
PrantI/ of Lygodtum in which not only are the normal leaves 

fertile to the base, but it w'as noted also that the sub-primordial leaves, 
and even the primordial leaves bear sorophores,^’ so that completely 
sterile leaves are hitherto quite unknown in this species. Such an example 
points clearly to the conclusion that in Ferns, as in other Pteridophytes, 
all the leaves of the sporophyte are potential sporophylls. 

A minor cliaracter too little used in comparison as yet is to be found 
in the superficial appendages. These may be filamentous or scale-llke: 
the latter are readily recognised by their development as flattened expansions 
of the former. Speaking generally, the hair is characteristic of relatively 
primitive types, such as the Botryopterideae, Hymenophyllaceae, and 
Osmundaceae, while the scale or ramentum is found very generally among 
the Leptosporangiate Ferns, though it is also present in some of the Gradatae 
and Simplices. It is to be noted that in a considerable number of cases 
ramenta accompany a dictyostelic structure, though there is no constant 
coupling of the two characters. A good example of their phyletic signifi- 
cance is to be found in the Schizaeaceae, in all of which, excepting Mohriay 
the appendages are of the primitive filamentous type; but in Mohria, 
which is regarded on various other grounds as a relatively advanced genus* 
and has a dictyostelic stock, the appendages are flattened scales. It is 
possible that such characters may never acquire the systematic importance 
claimed for them by Kiihn,^ but they certainly must not be overlooked as 
evidence having some degree of phyletic value. 

Spore-Producing Members. 

The sporangia of Ferns are usually grouped In sori ; but apparent 
examples occur even among the most primitive types, as well as among 
those which are more recent, of their non-soral disposition. The first 
question will therefore be, what was the mode of disposition of the 
sporangia in the first instance? 

^ p. 14. 
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At first sight it might seem proExible t]i;at the Tion-soial state \eas 
primttivej since it is seen apparently in such early fornis as 

and Myrwihcca, and in Osmumh, l?ut there are oEjjcct ions to this as a 

generalisation; for, in the lir.st place, deftnitely soral types, sncii as ihL 
Marattiaceae, are quite as well represented in the priniary rocks as nny 
noii'SOral forms: second ly^ white /i(^/rj{fpferh itself appears to he jion-sora], 
there is a distinct indication of a tiisposition of the sporangia aiom>d a 

central point in (Fig. 27?, [>. 503), wEnIe in tJua-c 

are very definite sori : thirdly, there are among living I’crns clear indica^ 
lions that the soral may pass into the non-soral state ; such a progression is 
suggested in the species of Diph Hs (p. fiso), while die c<mdit[on of 


chum atid of Flaiyccnum can hardly have Eieen produced in aiiy other wa}' 
than by spreading of the sporangia of some soral type over an etilao-^ed 
surface, as is indeed suggested by such genera as Gymuaynimmc and 
Htnnoniiis^ etc. This is exactly wliat iivould be expected as a conseqtience of 
indefinite multiplication of parts closely aggregated together, in rases where 
no biological check determined their exact position. Thus it would seem 
probable that the soral state is the original condition and the noivsoial 
the derivative, notwithstanding its early appearance. 

But the sorus, whether marginal or superficial, does not always maintain 
its identity, even in those cases where it is habitually circumscribed. In 
many Ferns, and especially in those in which there is an enlarged leaf-area, 
sori may be found of unusual si/e, elongated, and constricted in tlic mitltlle ; 
and from these it is a slight step to complete fission, two smaller sort being 
then seated close together (Figs. iSi, 310). In such changes from the normal 
as these there lies a cai^acicy for increase in number of sori, and there is 
hardly room for doubt that in such cases as Kna^fituh and Dip/Cfis;, as 
well as in many of the broader-leaved Polypodiaceae, where the sori coii’ 
stitute more than a single row^ on either side of the midrib, the more coniple.x 
condition has been brought about in this way; in fact, [lie staltmient seems 
fully justified that the priniiti\e disposition of the soii was in a single 
marginal or intra-marginal row : all metre complex arrangements in Ferns 
are secondary and derivative* 

A further matter for discussion is the position ivliidi die sorus holds 
relative to the leaf which bears it* 'I’wo [lOi^itions are common, marginal 
and superficial, the latter almost always on the lower surface of the leaf: 


both of these are of very early occurrenccj the su|jerficial being diaracieristic 
of the Alarattiaceae and Glelcheniaceae, and tlie marginal of tlie Jiotryo- 
ptendeae and Schi/aeaceae, while both types arc corLtinued upwards inio the 
Gradatae and Mixtae* It w'ould be important to know' which of tJiese 
positions Was the more primitive in Ferns. HerCj again, an indirect 
indication may be obtained by comparison of more recent tyijes ; among 
the Lcplosporangiate Ferns there is ample evidence to show ihat the 
marginal sorus has shifted by gradual steps to the ifjwer surface. 'I’his 
IS clearly proved by comparison within the DennsfaedHa-Duviilim series: 
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Pranti had already noted it, and held that the translocation had occurred 
along several distinct ]:jhyletic lines within the PolypodiaceaeP There is 
no evidence at hand of tlie converse progression from the surface to the 
margin. But though a probability is thus established of progression of 
the sorus from the margin to the lower surface, this does not prove that 
the former position was prior for the Perns at large. It must be remembered 
that Marattiaceous types with sort intra-marginal are recorded as far back as 
the Culm; and it is quite possible that they may have originated from forms 
with sori superficial from the first The question is accordingly an open one 
whether all Ferns sprang from types with marginal sori, though* it seems 
certain that in some llie superficial position has been secondarily acquired. 

d’he sorus itself consists of a receptacle upon which the sporangia are 
inserted, and of the sporangia themselves, while various accessory grow'ths 
may be present also, and are called by the collective name of indusium. 
According to the construction of their sori the Kerns have been seen to 
fall into three main groups : the Simplices, (Iradatae, and Mixtac. In the 
Sitnplices the sporangia are all simultaneous in origin : in the Gradatae 
there is a basi petal succession of the sporangia, but there is no intercalation 
of younger sporangia between those already initiated : in the Mixtae new 
sporangia are imercalated without order between those first formed. There 
is reason to believe the Simplices to be the most primitive type, the Gradatae 
to occupy a middle position, and the Mixtae to be the most advanced, and 
that either of the latter might be derived phyletically from the first. The 
differences in order of origin of the sporangia in these three types have 
entailed variety in adjustment of the sorus, especially in regard to the 
protection and nutrition of the sporangia, and the distribution of the spores 
when ripe. 

Taking the receptacle first, it is required as a means of transfer of nourish- 
ment to the sporangia and as a basis for their support in such a position 
that the spores can be scattered when mature. "I'liese requirements will 
have to be considered separately in the case of each of the three groups. 
In the Simplices the sporangia are usually produced in such moderate 
numbers that there is room for them all in a single radiating series round 
the centre of attachment : there appears to be little need in them for a 
raised receptacle^. It is true that in some cases, such as Kaulfussia and 
rtyehocarpus umtuSi there may be a massive receptacle with a vascular 
extension into it, while in Marattia Kauifussti it may be elongated into a 
stalk below the sorus ; but in, many of the Simplices the receptacle is 
hardly developed as such, the sporangia receiving their supplies directly 
from the leaf through their own massive stalks. The Gleicheniaceae show 
certain points of interest for comparison : those species w^hich have few 
sporangia in the sorus have only a comparatively small receptacle; but in 
G, dictwtama^ where the sporangia are more numerous, the receptacle is 
slightly elongated, while it is well provided with vascular tissue^ 

Ph 12. 
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This elongation and structural adaiUatloji of the receptacle becomes nuid^ 
mere pronounced where there is a continued sLicctssion of Sfioran-ia, as 
in the Gradatae. The basipeui sequence seen in the Cyaiheae, J hcfc^onleae, 
Dennstaedtiinae, Hynietiophyllaceae, would hardJy be possible without a recep- 
tacle having intercalary growth i the continual moving upwards of the more 
mature sporangia, so that they can freely shed their spores, leaves spate 
for the initiation of younger ones below, while tlie latter are in their ertrly 
stages close to the source of supply, and protected by the basal indiisium. 
This seems to be the fah^m defn' of the elongatetl receptacle in such 
cases : given a basipetal succesision, its origin has been a response to [fje 
need of space, by upgrowth from the base, not the result of metamorphosis 
of any pre-existing vegetative part such as a lamina of a leaf (IVantI). 

An indirect support for this opinion is found in tlie fact that the 
receptacle disappears in those Kerns wliere the mixed sorus is actpiired ; 
for here the receptacle is commonly flat, though some exceptions do 
occur. A peculiar interest attaches to those closely allied Kerns of the 
I^kksoma- Daviiliia affinity, in w'hich a transition from tlie bas{[)ctal se<|ucnce 
to the mixed sorus is believed to have taken place. In iMiHstniiitui and 
Miir&kpia the receptacle is clearly conical, thoiigli it does not sIkiw an 
elongation at all comparable to that of the Hymcnophyllaceae (Kig. jji). 
Occasionally in Dtnn. davailioidts and in J/krttkpici hirhi^ but in me com- 
monly in Denn, rubi^inosa^ the strict basipetal succession which is seen in tlie 
first stages of the sorus is departed from, though the receptacle still maintains 
in some degree its conical form. liSut in EifdtwuUtii^ whicli is w ithout doubt 
closely allied to the above, the sorus is a mixed one, and the reccfitiicle 
is almost flat, though still provided below with a considerable mass of 
tracheides (Fig. 339). Here, since the basipetal succession is not maintained, 
an elongated receptacle is not required, and since this difference occurs 
between Ferns which are certainty of a common stock, it is probable that 
a reduction has taken place. Accordingly, an elongated receptacle is not 
in itself an important morphological feature; it is to be correlated witli a 
continued basipetal succession of sporangia, and it is this last which is the 
essential morphological feature in such cases. 

There are, however, instances where there is an enlarged receptacle on 
which the sporangia are borne not in basipetal suciressioii, but iii mixed 
order; as an example* tlie familiar sorus of Nifhnfdium TUay be qiKJted, 
with its large receptacle and internal mass of tracheides (Fig. .1). It may 
be urged that these facts are inconsistent with tlie view expressed in the 
last paragraph, but the large receptacle may here be a sursTval, which* 
though the sorus has become a mixed one, may still be a conveiiience ; 
as it certainly Is in Ntphradium^ where its stj^e allows space for the 
Bporangia between the indusium and the leaf-surface. Kl^c general view 
may then be formulated thus : the Simplices have as a rule a receptacle 
of small size ; the Cradatae have a more or less elongjiied receptacle, and 
It may attain very considerable dimensions where the succession is long 
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cyiitituied, Tlitr Mixtae have comtiionly (though not always) a flat re- 
ceptacle, It is not a constant morphological feature^ a$ shown by the 
fact that a line of transition from an elongated receptacle to a flat one 
has been deinonstrated in the genera iMifmtatdtux and Mkrahpia^ and it 
is possible that other transitions have also taken place elsewhere. 

I'he term buiusinm has been applied to bodies of the most various 
form* position* and structure borne in relation to the Fern-sorus, and 
serving for the protection of the sporangia. It is hardly necessary to 
point out that these, however similar in their function, cannot be regarded 
as liomogenetic throughout ; they are often only examples of homoplasy. 
We call the basal indusium of Cyathca by the same name as the umbrella’ 
like indusunn of or Foiysiidium^ or the marginal flap of an 

Adiafdum. It may be possible, by regarding the indusium as having had 
a high degree of plasticity, to accept some of its different forms as being 
modifications of one another, and a reasonable case can be made out 
sometimes^ such as that in the transition from the Deiinstaedtiineae to the 
Pterldeae. But such cases as Cyatkea and Afut&nia seem incompatible 
with any opinion of homogeny of the two structures, especially when it is 
remembered that in Ahophiia and Gkkhmia^ genera which are respectively 
allied to the above, an indusium may be entirely absent t and this is in 
fact the usual condition among the Simplices. We shall then hold the 
indusium to be an incor^stant body* varying in occurrence and in position* 
and the term will be used to designate outgrowths protective of the sorus, 
whatever their position and whatever their evolutionary history may have 
been. 

It has been demonstrated in many cases that the indusium is formed 
before the earliest sporangia appear : this is probably a case where 
physiological opportunism, rather than any recapitulatory habit, determines 
the order of succession. It is impossible to believe that those constant 
bodies* the sporangia* are of later evolutionary origin than the less 
constant body, the indusium. In this respect the indusium and the 
embryonic haustorla are probably alike. It is important to recognise 
such cases as these* for they go far to break down the dogma* that the 
prior existent parts in the development of the individual were necessarily 
prior existent in the evolution of the race. 

The views of Prantl have already been quoted, which involve a 
comprehensive shifting of sori from the margin to the surface, This has 
brought about great modifications of the indusium. Starting with a 
strictly baslpetal sorus* with cupdike indusium* slightly two-lipped It may 
be, as in Loxsoma (Fig. 320)* we have seen that the type in Dmmtaidiia 
apiifoiia (Fig. 332) is similar in position and structure. The indusial Ups, 
which are equal in the above plants* become unequal in Mkrokpiit 
spthmciie (Fig, 332), the superior lip (j) being both longer and thicker than 
the inferior (r), and taking on itself the structural characters and appearance 
of a continuation of the leaf; this is repeated in DavaiUa Griffithiana 
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339 )> and is still more pronounced in Cyiiopttm and JJmhm'a. 
Thus the equal lips may be differentiatecb the one taking on the structure 
of the leaf-margin, the other becoming a mere appei^dage of the surface. 

There is reason to believe that a reduction of the indusium has taken 
place along more than one line of descent ; one such proEible series of 
reduction may be traced from Cyaihi^a to the very interesting conditions 
seen in flemiieiia with its one-sided indusmm^ and in VVoodmi and 
//y/rederris, in which there is an exiguous, fimbriated indusiurm It is 
but a slight step from these to some forms of the comprehensive genus 
Poiypodiufu, in which, with a simiiady superficial sorus, the indusium is absent. 
Another line of possible reduction may be traced from the Dennstaedtlinae, 
through Hypokpis^ to certain tjpes of PolypmUuuK 'Phe pro liability is 
that there is here a progression from a type with basipetal succession of 
sporangia protected with a basal indusium, to a mixed type in ivhicli the 
indusial protection is less essential, and the indusium is accordingly abortive. 


The Sporangium. 


The morphological equivalence of the sporangia of Terns at large will 
be generally admitted, whatever their modifications of detail may be. It 
has been customary to distinguish the Leptosporanglate from ihe Husporan- 
giate types, on the basis of the origin respectively from one or from several 
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parent cells. But comparative observation shows that Ibis distinction is 
based not on any difference of kind, but only of degreCn riie iransiiioii 
from one to the other is illustrated by the diagrams (I^ig, ^49 which 
show the initial segmentations of the sporangia of various types of k’ern.s, 
from the Marnttiaceae to the Poly pod iaceae. taking the ^iniplices first, 
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so as to follon^ roughly the probable phylebc sequence, the massive 
sporangium of the Marattiaceae has its archesporium deeply sunk : the 
walls all cut at right cingles, and since the outer surface is but slightly 
convex^ the walls are almost parallel, and the arches])orial cell approximately 
cubical (Fig, 349 The segmentation in the Osmundaceae is variable, 
and it has been observed to be so even in sporangia on the same plant 
in Toi/ea imrbara. In some cases the archesporium is still square-based, 
and may be square in its transverse section : but as the outer surface 
becomes early convex, the lateral walls converge, and the archesporium 
has the form of a four-sided truncated pjTamid (Fig. 349 /). In other 
sporangia of the same plant the lateral walls limiting the archesporium 
converge more strongly, the outer surface being more convex, and one of 
them inserts itself upon another i consequently the archesporium takes the 
form of a three-sided pyramid (Fig. 349 <?). It is to be noted that in 
this figure the wall jc) is inserted on an inner periciinal ; but in 
Fig, 349 i/, which represents the segmentation in or in Trii:Jis- 

mattes or ThyrsppferiSy the wall (.sf, x) cuts another anticlinal. This marks 
another step in attenuation of the sporangium, though only a slight one, 
and in other essentials the segmentation is as in the simplest of the 
sporangia of Osmutida or Todm. Figs, 34Q show the segmentation 

seen in various Gradatae: (f) corresponds to the condition of Ahophiia 
and Cyaiheay and {b) is a slight variant upon it which is sometimes found : 
it is seen also in Cerai&piiris^ In the Poly pod iaceae, however, where the 
sporangium may often be long-stalked, the w^atl cut by the wall [x^ *r) may 
be no longer inclined, but transverse. From this series of diagrams it is 
seen how gradual are the steps from the segmentation typical of the 
Eusporangiate Fern to that of the most advanced Leptosporangiate. The 
unity of the scheme cannot naturally be divided by any distinction of 
origin from a single cell or from more. The dilfetence of type thus gently 
graded over is an index of the progressive attenuation of the sporangium 
seen in descent, and it will be shown to go along with progressive reduction 
of the individual productiveness. 

Closely related to the segmentation of the young sporangium is the 
structure of its s/a/b^ w'hen mature. Putting synangia aside, the stalk 
varies from the short massive type of Angiapteris^ through various lyp^^ 
such as the Osmundaceae, Gleicheniaceae, Schizaeaceae, and Hymeno- 
phyllaceae with relatively thick stalks, to the Poiypodiaceae, where the 
stalk is commonly attenuated and long. It may* in extreme cases, be 
reduced to a unicellular filament* as in Seolopendrium. These steps again 
show a general parallelism with the individual spore-output, the thickness 
of the stalk beihg roughly proportional to the stream of nourishment 
required. 

But it is the sporangial head^ wdth its relatively thin wall surrounding 
the cavity filled with spores, that is the most distinctive part, and as the 
character of the opening mechanism* or anmdus^ has been made the chief 
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diagnostic feature in Ferns^ it requires special iiotiice, and will be taken 
first. In the synangial llaralttaceae and Pecopterids the opening mechanism 
is very simple: a slit-like rupture is formed, and it gapes by drying \ip of 
the adjoining cells, while the firmer region of the wall stands rigid, I’his 
may be complicated by changes of form of the whole sores, as in Mtiru/fii}. 
Hut in those early fonns of Ferns in which the sporangia were separate, 
there is commonly a band of ineelianical tissue, composed of several rows 
of Indurated cells: this band varies in extent and in position in different 
sporangial types. It has been stated by Scott,’ referring to the annulus 
of certain primitive Ferns which is more than one ceh wide, that 
this w'as perhaps a general character of the annulate Fern-sporangia of 
Palaeozoic age : at least no clear case of a uniseriate annulus has yet been 
demonstrated,” Jn fact, it seems that in the Prinuary rocks the distinctive 
Leptosporangiate annulus was at least rare, if indeed it existed at all. 

It may be a question whether the more complex mechanism thus seen 
in Eusporangiate Ferns is really the true correlative of that in the Ix^pio- 
sporangiate type. A comparison of the indurated tissnes in the sporangia 
of Angiopt^rh and Gkiihana show's certain points of essential similarity, 
though the details do not correspond, "^I he firm resistant arch of indurated 
tissue described in Aftgioptiris cotisists of cells of a similar nature to 
those which form the annulus of Gkkhenm ; its position is in the main 
the same, though it does not stretch as a continuous hoop round the 
back of the stalk, but stops short on either side of its Ixise- WIkmi we 
consider the similarity of the sorus in these uvo genera, and of their 
sporangia with the same orientation and dehiscence, the ccimparison of 
these two bands seems inevitable, notwithstanding tln^t the one is usLially, 
though not always, a single row', and the other a broad and Lll-defined 
band. Hut a further important fact is that among early l erns of re[Juled 
l-eptosporangiaie alKnity the annulus is not always a single row of cells; 
this is seen in the .^chizacaceae, for Scnffukhrgm has an JinnuhiE of several 
rows: Zeiller has shown that living species of I^ygmUnm may have a 
double-rowed annulus, wl’iich is an intermediate step to the type witlii 
a single row.^ Again, in living species of (Ikkhimn occasional cells of 
the annulus have been found to be divided, showing thus a renuniscence 
of a pluriseriate state. Sucli evidence favours tl^e cj[]inion that ilie sim[>le 
annulus is the correlative of the plurjseriaic, anti that ei simplification of 
its structure has accompanied the reduction in size and spore-output of 
the sporangium in the course of descent. In die I A^ptnsporEmgiate Ferns 
the homogeny of the annulus seems the only view which is in accord 
with the constancy of its occurrence in plants which are so clearly related 
to one another* 

The position of the annulus and of the p<jint of dehiscence appears to 
have undergone change in the progressive cvolutionEiry course. In the 

^ Pf^grtstut Rfi i.+ p. 184. CtJiiijKirc kiilaton, fi, 

voL 198, p, j8S, '^BtdL Sdi. Bor. brume, ;<liv., [>, 214. 
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archaic types the annulus was vertical or oblique^ and the dehiscence 
was mainly, though not exclusively,’ in a plane including the axis of the 
sporangium ; this is seen in all the surviving Simplices, excepting the 
Matonineae, aiid also in L&xsomi. But ii^ the Ciradatae the annulus was 
oblique and the dehiscence lateral, while in the ilixtae the annulus is 
again vertical, but the dehiscence transverse. If wq contemplate 

a derivation by descent of Perns with a lateral dehiscence from 
those witli median dehiscence, we shall have to enquire w^hether 

there are any evidences of shifting of the annulus itself as well as 

of the point of dehiscence^ One material point is that the formation 
of the annulus in Ferns at large does not stand in any constant relation 
to the segmentation of the sporangiunvmoEher-celh though that segmentation 
itself shows so sii^gular a constancy* This fact leaves the question of 
a shifting of the annulus inore open than it would otherwise appear* The 
more prin>itive type of complete annulus is that seen in the Gleicheniaceae 
and SchiKaeaceae, wnth oblique position and median dehiscence ; 
maintained the oblique position and median dehiscence, but part of its 
annulus is incompletely indurated. In others, while the complete oblique 
ring was maintained, the point of dehiscence was shifted laterally, the 

result being as in the Cyathcaceae, Hymerophyllaceae, and others with 

a basipetal sorus. With the transition from the basipetal sorus to the 
mixed came also a further change of the annulus : maintaining the 
lateral dehiscence, the annulus became vertical, stopping short on either 
side of the stalk, which interrupts it. But in many cases a slight 

obliquity was retained, as seen in Derifistaedim (Fig. 333 c) 

and Dmcij/pe, the two sides being so far dissitnilar that it is possible 

still to distinguish the "centrar' from the “peripheral’ face: this is 
also the case in Zt/idsaja, Nephr&dium (Fig. ft), and many 

others. But there are other outstanding cases of an oblique annulus among 
Polypodiaceae which have been the subject of discussion, and have even 
been considered a sufticient reason for rejecting the oblique or vertical 
positions of the annulms as characters which are not dependable : for 
instance, the genus homaria^ in w’hieh the § Pi<i^iogyria has a w'ell-marked 
continuously oblique ring of the amnilus, somewhat similar to that seen 
in the Dicksonieae. So far from looking upon such cases as these as 
being subversive of views based on the character of the annulus, they are 
exactly what might have been anticipated if the types with a vertical annulus 
w'ere derived from forms in which the annulus w-as oblique: it is hardly 
to be expected that the transition w'ould be carried out completely in all 
cases : these exceptions may be regarded as being occasional survivals of 
the earlier oblique type^ 

It would appear thus probable that the simple annulus of the Leptosporan* 
giates is prefigured by the vertical, maiiy-row'ed hoop of the Eusporangiates* 
That in the course of descent, as the bulk of the sporangium was reduced, 

^ Scott quotes a porous dehiscence for Stmtr^^Uris Rei Be/., b, p. 
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this hoop became simplified to a single cell-row ; and that it changed its 
position in accordance ivith the soral arrangements; being ohlitjnc; iii some 
Simplices and in all Gradatae, first with median but subsequently with lateral 
dehiscence i ai^d that finally it swung again into ifie vertical position in the 
Mixiae, but with the stomium still remaining lateral. 

Passing to Mi* c&nktiis &/ iht sponutginm^ ihe.se arc derived from the 
archesporium, ^^'hich in all Ferns, with occasional exceptions in al>niDrmal 
Eusporangiates, consists of a single celL From this in the Leplosfioran- 
giatae the tapetum is fust cut off peripherally, and the central tell which 
remains divides up into cells which arc commonly I'oiind to number some 
power of two* This is a consequence of the successive divisions occurring 
as a rule simultaneously within the sporogenous group, and the result is 
that the spore-mother colls number 2, 4, S, rfj, 3:, fq, etc. Since each of 
these undergoes tetrad di visions, the numbci's of s[)ores produced may as 
a rule be 4, S, 32^ 64. i2£!, 256, 512, etc, Fhese may l^e styled the 
typical numbers. 

I'heie are two ways of computing the output of spores from a single 
sporangium: eltlier by examining preparations of sporangia with spore- 
mot her-cei Is. and estimating their number, or by actual counting of the 
spores produced. Where the output of spores is small a reasonable 
degree of precision is to be expected by either method ; but wlicre the 
numbers are large there are various sources of error, and the results must 
be taken as mere approximations. 'I'he results of such computations will 
now be given for various. Ferns : the estimates for the Marattiaccat have 
been made from study of sections traversing tlie spnrogenous group before 
tetrad-division but in all the rest the results are those from direct 
counting of the mature spores (see 'Fable, p. 642). 

In estimating the value of these results it is first to be noted that the 
largest numbers are associated with complete synangial fusion, a smaller 
number being found in A/igi^fik'rh where the sporangia are separate than 
in any of the synangial genera of living Marattiaceae. The potential 
number estimated for Gkkhenia fiabfihUi is nearly e^|ui^'alent to tlial of 
Aiigioptcris^ though the actual countings run considerably below; still they 
are in excess of those for any other Lepios|>o rang! ate Feni observed, and 
as this is seen in a Fern in winch the type of sonis is the same as in 
AngiopUris^ it strengthens the afil’inily between these two genera, notwith- 
standing that the one is, as regards tlie mode of segmentation of the 
young sporangium^ a typical EusporangiatCt while the other shows 
essentially the segmentation of the lAplosixirungiates. 

From Giekhnktt^ as we pass through the table> successively lower 
numbers are seen* and it is obvious that the larger numViers are 
associated with those Ferns which on other grounds are held to be 
relatively primitive. Of the Simplices examined none have a lower ty[Hcal 
number than 128: and In this connection it may be noted that a rough 
estimate of the spore-output from a s[>orangium of 7 ,ygopierh^ after 
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Renitull's drawings, would give a figkire of 500-ioco. while draw-iugs of 
other early Ferns^ such as Sfai/^rtpUp^is and Pieridotkeca^ plainly show 


Nnmt. 


Kaulfufisia, . ^ - 

T >anaca, . . . . . 

Aftgi[>]3terk^ 

deiclienia (labelUtAj . - . - 

,j dichotoina^ . ^ . 

,, hecistophylla. 

+, circinaia, - . - - 

„ rujj^sti'isi var. giaucescens, - 

Osminida regalis^- . - . ^ 

Todca l>arl>ara„ , - - - 

su|!er^>a, , - - - . 

l^yiHtiTiopbylloides, 

LygodEuiTT fUchotomrUiriK 

„ jaianicvin, . . . - 

pirmatififluiKi, 

Anuiiuia phyllitkli^T . - - , 

caffroiuni. . . * , 

Hyincri^pliylkisn Tuabridgfrnsti 
Trichomai^tfi rqnifonne^ 

HyinenopliytUiiii sericeum, ' 

,, d]]atatLini» - 

,, Wilsoni, 

TrichoimaT^tfS ciri^puiti, * - - - 

rigiduiifL, . , - - 

,, jfadicant5j - - ■ - 

javanicum, 
sficalunrtp 
,, pinnalam^ 

Lossoma Cuniliingbanni, 

A!st>phi]a escelsa, . . . - 

atrnvircaSj - - - - 

Cyathca meduRaris, . . . - 

j, tlealljatap . . . - 

Oicks^nia antarciica, . - * - 

Mensiesii, . - - - 

DennstaetUia apii folia, - - - - 

Tbyrsopteris ekgans, - - - - 

Davallia speluncae, . . . - 

Polypodiaceae generally, 

NoiDcbloena sinuata, - - . - 

Sadleria cyatheoides, * ^ . 

Ceralopteris ttialictroides, 


K.es.uU of Countings. 

Typical Numbtrr 


7850 

— 

23^)0 

— 

1750 

— 

1450 

SjS, 7 g 4 t ^^4 

^ t2-[024 

319, 251 

25^1 or more 

365, 272 

24!^ 242 

256 +, 

256 

244+ 232, 220 

256 

476, 462, 396, 373 

256-512 

47K, 445, 442 ; 325, 238 1 

256-512 

206, 306, 342 * 

256 or more 

] iz^ [ izO;, 124^ 2:04 

1 

128 

232, 246 

256 

237, 238, 245 

256 

1281 127 

128 

(14, III, 104 

128 

107, 107+ 

128 

413. 416. ^21 

256-512 

247. 243 

256 

316, 2J9 

356 

121 , I 27 t 127 , 137 

128 

IJ 9 . (31 

128 

Sr- 5 ^- 59 

64 

32+ 4S, 5 ^ 

32-64 

46, 5®, 03 

48-64 

38 > 42 p 4 ^ 

32-4S 

4S 

4S 

32, 4S+ 32 

32-4S 

64, 62, 63 

64 

64, 60 

64 

57 > 

64 

57, 61 

64 

(6, S, S, 16 

S-16 

64 

64 

^2, 63 

i 64 

61 , 63 

64 

— 

1 4.S— 64 

64, 64 

64 

-n-w 

48-64 

24 ) 32* 32 

24-32 

16 

16 

32 (16, Kny) 

16-33 


that the spore-output was large. It may then be held that in the more 
primitive forms, and Especially in those types which are represented in 
the Primary Rocks,^ the number of spores produced by the individual 
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sporangium was uniformally large. Passing from these to the prevalent 
Leptosporangiate Ferns of the present da>s the output falls with some 
degree of consistency, and the striking fact emerges that, so far as 
observation goes* no Polypodiaceous Fern has a larger output than (14= 
while in many cases it is smaller. The evidence points to a general 
reduction in the course of Descent. 

But variations occur within near circles of affinity, and in accordance 
with the above generalisation these liave a special interest iji those 
families which hold an intermediate position. This is seen within 
moderate limits in the fileichemaceacj Osmundaceaet and SchiKaeaceae, 
in which the numbers approximate for the most part to typical 
numbers 512, 256* 128. Jn some cases it is difficult to see any circum* 
Stances which serve a,s an explanation ; thus the variation between 
Ghkhenia fletUUaia (512*1024) and CL {256 or morc)> is not 

susceptible of ready explanation, unless it be connected with the more 
numerous sporangia in the sorus of the latter. Nor is that witl’iin the 
genu.s Lygodium. In other cases, however, the conditions of life and 
the structure of the assimilating apparatus throw^ some light on the 
matter; thus Tffdm b<irbar<i^ w’ilh its thick assimilating leaves, gives 
higher numbers per sporangium than SNpxrha and kymemiphyUmdt'-i^ 
with their thinner pellucid leaves. But the most interesting scries in 
this connection are the Hymcnophylbccac, for the limits of variation in 
number are here very wide, ranging btiweeii ,such numbers as 421 and 
32. Here the variation in number of spores per sporangivim runs fairly 
parallel with the s]:?e of the sporangia, the .smaller number of spores 
being contained in smaller sporangia (compare ?>. nm/^yrmi and 
Tr. pinnaLum). Further, there is a correlative elongation of the reoep* 
tacle, on which there is thus space for a larger mimljer of the smaller 
sporangia to be inserted and produced in .succession. On these characters 
the Hymenophyllaceae may be laid out as a series, extending from tyfies 
chiefly of the less specialised genus IJymeniphylhau w-ith short receptacle, 
large sporangia, and large output of spores from each, to types of the 
niore specialised genus Trkhotmints^ with longer receptacle, smaller spor- 
angia, and smaller output of spores from each. 'J'he former link on 
naturally to the CMeicheniaceae in the characters named, as welt as in 
the general appearance of the sporangia: it seems not improbable that 
in the Hymenoph)llaceae we may see a series of specialisation ii^ which 
the “ filmy " character is the most salient vegetative feature, and that 
this has carried with it, as in the genus 7 hdi‘^i, a decrease in sliic of 
the sporangia, and in the number of the spores produced from each. 

Taking the facts thus acquired from the Simplices and t^radatae tliey 
show that within circles of near affinity there may be a wide margin of 
variation in output of spores per sporangium, sucli as a theory of phylciic 
reduction of the sporangium would demand : and this goes parallel with 
the increase in number of the sporangia In the sorus, a decrease in si/c 
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of the sporatti^iuiii, and in the thickness of its stalk and of the sporangial 
wall, and a progressive change from the early segmentation characteristic 
of the Eusporangiatc type to that of the Leptosporangiate. 

As a consequence of such phyletic changes in the constitution of the 
sorus, it is noteworthy how often the output of spores per sorus is 
similar in Ferns which are systematically remote front one another: for 
instance, MAuattia (45,000) and P&iy podium aureum ( 57 , 000 ); 

Ati^hpierii eveoia (14,500) and Hymenophyilum diiataium (11,500); 
Ahophiia exteha (3,200) and GkUhema flabdlaia {3,000). These 
examples show* how a similar result may be obtained by various means, 
a large number of small sporangia balancing a smaller number of large 
ones. The similarity of output in such cases may be merely a conse- 
quence of similarity in the powers of the underlying nutritive mechanism. 
The real interest, however, arises when in nearer circles of affinity, with 
varying size of sporangia, and of output per sporangium, the result per 
sorus is kept approximately constant by converse variation of the two 
factors,, I'his is illustrated in the genus Qkuhtma^ and in a less 
precise way in Ahophiln excclsa and Cy<ithc<i d^&ibaUi. But the best 
demonstration of it is seen in the HymenophyllaceaCt undoubtedly a 
very natural series, in which the sorus has a uniform type of con- 
struction, though the size and number of the sporangia, and the length 
of the receptacle are variable. In illustration of this, estimates have been 
made with such accuracy as possible, with the results which are given 
in the subjoined table : 


, Name. 

Sponngii per 

Spores. j3< r 
sporangium. 

O^tpQL pL-r sorvS. 

Hym. Twnlariflgcnse, 

20 

4 sq 

8,400 j 

Trichomanes reniforrflt, * 

40 

256 

10,240 

Hym. dilatatum, ' 

■ go 



TricK, radicans, 

140 

64 

8,960 


It thus appears that notwithstanding the great variations of sporangial 
output, the result per sorus is approximately uniform for the cases 
quoted from that very natural family of Ferns. This suggests a true 
biological progression, and it probably does not stand alone, but 
illustrates a principle which has been of wide application in the Fern 
phylum. 

The production of numerous spores is a drain upon the resources of 
the plant That drain may be relieved within the sorus by the development 
of a succession of sporangia, the demand being thus spread over an extended 
periods In the Simplices the sporangia of a single sorus arise simultane- 
ously : the physiological drain thus comes at one time: this method, which 
is, physiologically speaking, a simple and probably a primitive one, is 




DISPERSAL OF SPORES 


(54 5 

specially prevalent amonp the earliest fossils. A definite stttCMsioii of 
sporangia in litne and in space is found in the sori of ihe Gradatao : hero 
the physiological drain is not sudden and severe^ IjuL it is spread over a 
long time: in Trtch&man^s. it may be over a period of years, J he basal 
position of the youngest sporangia gives them the furtlicr advantage of 
being near to the source of supply at the time %vhen they are most in 
need of it» while those which are approaching maturity arc succcssiiely 
removed from it to a position where they can readily shed their spores. 
In the prevalent type of the Mistae there is a succession of s|jorangiii in 
time but not in space. The physiological drain i,s spread as berore over 
a long period, so that in this respect the (Iradatae and Mixtae appuar 
equally practical ; but in the mixed sorus the receptacle is found to be 
wide and flat; this has the double advantage of enlarging the surface 
from which nutriment can be derived, and of shortening the distance through 
which it must be transferred. In point of protection those sporangia ^^l^idt 
are more ad\anced give an adequate protection to those which are younger ; 
there are, however, multitudinous minor adaptations to this end which 
Cannot be entered upon here. It thus appears that each of those types 
of sorus, the simultaneous, the basipttal, and the mixed, which Palaeon- 
tology shows to have been of successive appearance in the course of descentf 
was a biological amendment upon its predecessor. 

Lastly, the facilities for dispersal of the spores when mature remain 
to be considered. There are three main tyjies of dehtsceiHe : Ijy a slit 
in the median plane, which is characteristic of the .Sirnplices; by a slit in 
an oblique lateral plane, seen in the (Iradalae; and by a slit laterally in a 
transverse plane^ characteristic of the iMixlae, Lehiscenre CEin only be 
properly carried out when free movement of the mechanical tissue Is allowed : 
where, as in the Leptosporangiates, there is a definite annulus and a free 
sporangium, the whole body alters its form on dehiscence : acctirdingly 
the grouping of tlie sporangia in the sorus is a determining factor in the 
position of the mechanical ring if it is to be effective. In the case of 
median dehiscence, as in Gl^khema^ the sporangium widens laterally, requir- 
ing free clboW'room on either side before the sudden springing of the 
annulus throws the spores out right and left. It thus appears that the 
median dehiscence of an annulate sporangium can only be a practical 
working arrangement where the sporangia are not in close lateral juxta* 
position. Loxsoma^ with Us basipetal sorus. is an exception ii^ having the 
median dehiscence ; but the sporangium Is so constructed with its incomplete 
ring that though the dehi.'icence is median^ still tht spcjrangium as a whole 
does not widen on dehiscence ; it is, in fact, a compromise, the annulus 
being so modified as to be still compatible with the basipetal soius. 

With the exception of and all the I'ern.s 

showing the oblique dehiscence have kisipetal sori. 'The sporangia overlap 
One another like the shields of the Roman while all arc bo closely 

packed together that no space is given, as in the former case, for lateral 
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expansion before the sudden jeifc. But some space is necessary for the 
straightening of the annulus before its quick recovery : the free space 
available is found obliquely upwards, towards the apex of the receptacle^ 
In that direction the annulus is free to straighten itself out, dehiscence 
taking place at one side, near to the attachment of the stalk 3 it can then 

execute without obstacle the sudden jerk by 
which the spores are scattered (Fig. 35^)' 

The dehiscence by a lateral transverse slit^ 
worked by a vertical annulus, is the prevalent 
type of the Mixtae. The ripe sporangia usually 
have long stalks, and show no regularity of 
orientation. The vertical annulus with trans- 
verse dehiscence is a mechanical arrangement 
which makes use of the free space immediately 
above the surface of the sorus for the straighten- 
ing of the annulus prior to the jerk of ejection : 
a bias to either side is quite unnecessary, and 
may be a positive disadvantage. As the young 
sporangium grows in a mixed sorus, for instance 
of a Piflypodiunh its stalk elongates, carrying the 
head vertically upwards, from the receptacle i it 
is thus lifted above the crowd of younger spor- 
angia, and the space directly above it is free 
for the movement of ejectionn ‘I’he vertical 
annulus thus satisfies the conditions of the 
mixed sorus 

Jt has already been shown how the different types of annulus charac- 
teristic of the three types of sorus pass phyletically one into another ; and 
it is now seen that there are biological reasons for this in the exigencies 
of the mechanism of dehiscence- In fact, the details of the method of 
dehiscence in the more specialised Ferns appear to have been determined 
by the mutual relations of the sporangia* 

Anatomy. 

It has been shown from comparison of the external characters of Ferns 
that they were probably In the first instance strobiloid types, with a radial 
construction of the shoot, and that their present condition was probably 
attained by advance from a smaller- leaved state to megaphylly i with this 
went frequent assumption of a dorsiveniral development. This matter must 
now be considered from the point of view of comparative anatomy, and 
especially of the vascular system. If the Fern-shoot were primitively 
strobiloid and radial, we should expect the fact to be reflected in the 
vascular construction of those Ferns which are held on comparative or on 
palaeontological evidence to be primitive; and also that it would be 
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supported by the structure of the individual plant when young. In both 
cases a prevalence of a cylindrical protostdic statCi with comparatively 
slight disturbance of the a^ial system on detxtrture of the lear-t races, would 
be expected if the shoot were primitively strobiloid, Furtherj the leaf-trace 
would be relatively simple. 

Leaving aside for the moment the Marattiaceae, whicli are anatomi- 
cally a peculiarly specialised series in themselves, a comparison of the 
early types of Ferns points clearly to origin from a proiostelic state witli 
a leaf-trace consisting fjf a single strand^ which comes off with but slight 
local disturbance from the periphery of the stele. 'bhisj with certain 
variants, is the typical condition in the liotryopterkleae : a near approach 
to it ij found also in the earliest Osmundaceae, though those of later 
epochs depart from the simple type by elaboratioii of the stele, as 
described above (p, $29)* I'he close correspondence of the Hymeno- 
phyllaceae with certain of the Ijotryopteiideae stamps tlieir structure as 
relatively primitive also, though it shows some variants upon the simple 
protostelic state, also, recognised as tine ino^t primitive genus 

of the Schixaeaceact is protostelic, and the sanre is the case with the 
simpler species of Giekhrmii ; in fact, those early stocks of Ferns whicli 
are recognised by comparison of other characters, as well as by their 
geological history, as forming the phyktic basis of the f.eptosporangiate 
scries, show the protostelic structure, or a condition very little removed 
from It. 

The Ferns thus mentioned arc all included in the Sijuplices, except the 
Hymcnophyllaceae, 4’hese arc csceptional among the (iradauic in .■ihowing 
a protostelic structure of the a^cis : most of the Gradaiae have a more 
elaborate stem-striictme, which may be held to he derivative from the pio- 
tostek, just as the basipetal sorus is probably derivative iVom the t)|>e of 
the bimplices. 4’he probable steps towards a solenostdic state are illustrated 
in Lindsnya and and suggested also in Gh kh^ma ; but the 

solenostelic structure is typically seen in Dipiiris and as well as 

in the iJennstaedthnae* Here at each leaf-insertion the vascular tube ofiens 
by a foliar gap- Where the internodcs are long and tlte ga[) itself short, 
as in the rht/omic species, tlie structure is easily iniclligihlc. It is hut a 
slight step to the diciyosieiic type, as seen in Ferns with short axis and 
overlapping kaf-gap.s ; the transition is illustrated in tlie ikufntitcdtut' 
Davailia series, and has jjrobably occurred also in the Ahaphih-Cynthiu 
series, and elsewhere. It seems probable that the progression from a 
protostelic to a sokiiostelic or diciyostelic state has been eflbctcd in 
several dlstiiiet phyletic lines, while the dictyoslelk, with or without internal 
accessory strands, is the most elaborate system of all. 

It usually accompanies an advanced soral condition t that this k, how- 
ever, no obligatory parallelism is shown by the com|>arisoo of Mai&fda with 
Dipttris. The latter retains a simple soknostelic structure of the a?tis, 
though Its sori have progressed to the condition of the Mixtae; the 
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former, though its soral structure has remained viitually unaltered, shows 
the liighest condition known of the soicnostelic developments 

Parallel with such structural [irogression of the axial system goes an 
elaboration of the leaf-trace. In protostelic, and usually in solenostelic 
forms, it is represented by a single strand, which may, however, be widened 
into a broad strap, and curved in transverse section into a horse-shoe outline: 
and tills may again be contracted into a pseudo-stelic condition (compare 
Fig, 98, p, 194). But with dictyostely comes usually a division of the 
single strand into inan>\ It L interesting in Duksonia to see a middle 
condition illustrated ; for in D. Cuidhi and D. Baromeiz the leaf-trace at 
its base is still a single strand, but at a point above the base, varying in 
different leaves, it breaks up into many separate strands: it thus represents 
the various stages of the probable phyletic sequence (Fig. 97). The 
complete subdivision is seen in the larger species of Duksama and in 
as well as in most of the Mixtae, and it is held to be an 
advanced and derivative state^ 

The seedling structure gives a strong support to the view of elaboration 
here put fonvard : in all observed cases the stele of the axis is either 
protosteiic or very closely related to that structure, and the leaf-trace is a 
single vascular strand. In the primitive forms this may remain permanently 
so ; but in others there may be a quick transition to the more complex 
and presumably derivative state. The example of Ahophila €x^isa 
(p. 608) shows that the individual life, after the first stages are past, 
reflects the probable story of development of the complex adult condition 
in the race. 

It is in this way, through the seedling, that the Marattiaceae may best 
be approached. They have in the mature stem a still more complicated 
system of vascular strand^ than other Ferns ; but in their seedlings the 
ontogeny opens in all cases with a monostelic state, with a solid xylem<ore. 
Complications soon arise: in Kmiifussia and Archaughpkris a cylindrical 
dictyostele is formed, not unlike that of other Ferns ; but in Angiopttrh 
there may be as many as three or four concentric, meshed iones in the 
stock, while the leaf-trace Is also disintegrated into numerous strands. It 
is important to note, however, that in the related fossils the leaf-trace is 
habitually a single connected strand, while greater coherence is also seen 
in the vascular tracts of the axis In the fossils than in the living species^ 

These facts all indicate that in the evolution of Ferns there has been 
a progressive amplification and disintegration of the vascular tissues, and 
they lead back towards a type, which seems to have been a common one : 
the original type was characterised by a radial shoot traversed by a protostele, 
from which the successive leaf-traces came off each as a simple strand, and 
with the minimum of disturbance of the axial stele. If this were the 
original type of shoot in the Filicales, it is plain that the foliar gap, to 
which Jeffrey attaches so much importance as the distinctive character of 
his pbyllosiphonic type, must have been a secondary development: it is 
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aod apparently from all 1 -Vns in ihe firf>t conditton of the yeetllini;. 

The vascular structure thus held to be primitive and typical for I crns 
is that characteristic of slrobiloid plants^ and it seems reasonable to read 
the anatomical data as indicating that the Terns also are essetnially 
strobiloid, but have [}roj^ressed to a condition of me^apliylly, while the 
anatomical characters that ultimately accompany that habit lagj^ed tiehind 
in the several evolutionary series, and only become apparent in the later 
representatives of each, 

EMEiEtVOLOOV. 

The pi'inmry embryology of Ferns shows so nearly a dead leiel of 
uiiiformity that it has not seemed necessary to describe the details for 
the successive families. There are, however, two distinct types; that of 
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the Maratliaceae, and that of the main series of the IxptospEjrangiate Terns, 
and these must be compared^ The most obvious diflerence lies in the 
fact that the seedling of the Marattiaceae perforates the prnihallusT and 
emerjjes with an upright axis through its upnijr*hilfci|RiiA^u| p. 527) ; 
that of the Leptosporangiate series emen^^s and the 

axis is at first prone (see Hgs. r4, i^pp. :^Ot 50 ’ I'lnsV^ni^uice may 
be referred back Co the first segmentat Jn of ifio ^fygote, and afff!cartto lie 
closely related to the difference of ^lo&rity thto^ initialed ; the 

Marattiaceae the first wall appears ^ f^U aiigles^to the axis ^of^he 
arcKegoniom, but in the J,eptciS|)orangiiii4sy t is approxvnately in a’^j^e 
includirg the axis. I'he further segmen^^tifjj^, and the^''''^ation o^-’t'jR'e 
parts of the embryo to the first divisions sfre ^siibsiaiHiylly iuW^r in 
except that ii\ the Maroitiaceae, as also in the Oi^i^utKlaceae, uVre' ijj||a 
less regularity in the later divisions than is the caiji^ ^her Ijfpo- 

sporangiate Ferns, In this respect 

position between the latter and the Maraitiaceae. The pa rfs^ formed in 
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tiitber case are the same in nature and relative position^ though they 
difier iit their relation to l3te prothallus, and the foot is less fully 
developed in the Marattiaceae. 

It does not appear that the facts of the primary embryology have any 
very direct bearing on the present problem. It is interesting, however, 

to note that the axis is vertical 
from the first in the Maraltiaceae, 
as it is also in most other Pterido- 
phyteSj and this may be held to 
be the more primitive state for 
Ferns : the ]>rone position char- 
acteristic of the Leptosporangiate 
Ferns is exceptional among Pteri* 
dophytes at large, and is probably 
derivative. 

A comparative study of the 
meristems which carry on the 
continued embryogeny of the Ferns 
has brought interesting results.^ 
Examination of the apical regions 
of axis, leaf* and root indicates 
that in all of these parts the 
Marattiaceae show a relatively 
complex state, the whole part 
being referable in origin as a rule 
to a group of some three or four 
initial cells, usually of prismatic 
form. It has also been seen in 
them, in .sections of the thick 
marginal wings of the leaf, that 
at least two and possibly more 
cells appear as initials, In the 
typical Leptosporangiate Ferns a 
single initial cell of conical form 
is present at the apex of stem, 
leaf, and root : and in the case 
of the wings of the leaf there is a single marginal series, so that in any 
transverse section only one initial appears. A similar examination of the 
Osinundaceae shows that structurally they hold an intermediate position : 
for while a single initial may be found in stem, leaf, and root, deviations 
from this are common. In the roots of Osmunda and T^d^a various 
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■ See fiower, Attnals cf iii., p. 305. Though thi5 paper of iSSp was written 

front the point of view then curifent, that the LeptO^pnmngiate Fems were more primitiv'C 
than the Euspotangiate, the fact^ are now equally available in their bearing on the contrary 
view at present held. (Compare Ann^ of Bet,, vol. v., p. 109.) 
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irregular and intermediate conditions^ have licen found lieitveen the 
Marattiaceous type with four prismatic initials and that oi tlte J,e|>lo- 
sporangiate FernSj where there is only one (Fig. 35 ij. U'he axis has 
usually a single conical initial, but it is doul>tfui wlicther this is 
always so, and irregularities certainly occur (Fig 352} The leaf of tlie 
Osmundaceae is alone among Ferns ■ in shoxving the more c(jmpliraKd 
three-sided initial in place of the iwo-sided common for the 1 epto- 
sporangiates, while the wings of the leaf have a segmentation of the 
Marattiaceous rather than of the Leplosporangiate type {Fig. 353). In 
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point of fact, all the meriatems of the Osmuiuiaceuc show nearer relation 
to those of the Maraitiaceae than do any other Lept{JS()orangi;ite Ferns 
tliat have been esamined. 

These facts arc in obvious accord with the segmutuaiion of the sjiorangia 
(see above, p. 637): it appears, therefore, that it^ stem, leaf, root, and 
sporangium those types of Ferns which are held as more primitive 
Commonly show a more bulky initial construction, while the tiue T^epto- 
sporangiates, which are held as derivatives, show' ii] all their parts a less 
bulky type of segmentation. It has been seen above that the x|jore- 
output per sporangium follows a similar setjoence, ar^d indeed the numbers 
might be taken as a rough indication of the ooiuiilextty of organisation 
for the plant at large. The coivclusion hdlows that ii^ the hilieales 
there has been a progressive simplification of the nierisllc plan 1 in the 
more ancient forms the menstems are not referable to a single initial,, 
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but in the Leptospor^in^iates l]us became the rule, and with it is associated 
the more definite segmentation of the projecting and delicate sporangium, 
and a diminution of the output of spores. In fact, the character of the 
sporangium may be taken as an index of the meristic character of all 
the embryonic tissues. 


Phvlogenv oi- Ferns. 

The comparative study which has now been made of the Filicales 
provides a basis for views as to their phylogeny. Several different lines 
of comparison have been adopted, such as that on external form, on 
anatomy, on the spore-producing men>bers, and on spore-output r and 
the results have been found to be substantially parallel along them all, 
though with some exceptions. Moreover, these results are found to harmonise 
with the geological record : from this it is learned that, speaking generally, 
the herns with simultaneous formarion of the sporangia in the sorus 
(Simplices) were those present mainly, or perhaps exclusively* in the 
Palaeozoic perio^ ^ the Ferns of the Mesozoic Period included, in addition 
to these, a large proportion of those with basipetai sequence of the sporangia 
(Gradatiie), while the bulk of the more recent Ferns are characterised 
by the mixed type of sorus (Mixtae). While these three types are 
found to coincide generally with three great periods of time, it must not 
be assumed that every phyletic line ran through them all 3 at the moment 
it is impossible to demonstrate in any clearly defined family of Ferns 
that the sorus has passed successively through all the three phases. What 
is recognised is a general trend of development, carried out in many 
phyletic sequences, rather than any single progression* It may indeed 
be said that no connected phyletic tree of the Filicales can at present 
be constructed with any degree of certainty ; it must suffice to give a 
provisional arrangement of the Ferns, divided in the first place according 
to their soral condition, which also tallies approximately with their geolo- 
gical age (Fig. 354), The three recognised grades are limited by horizontal 
lines in the graphic table. The several sequences of Ferns are indicated 
by vertical or oblique lines so placed as to indicate relationships* but 
disconnected so as not to convey necessarily a common descent. Where 
one of these lines crosses the limit between the three grades of soral 
construction it is intended to convey the idea of the derivation of the 
higher from the simpler plan. Further, the arrangement is such as to 
give some general idea of the position of the sorus : the forms with marginal 
sori are placed to the left side of the plan, and those with superficial 
sori to the right. Finally, no attempt has been made to represent separately 
the numerous sequences of the Mixtae : the unravelling of the lines will 
have to be deferred till a better knowledge is gained of their anatomy* 
and of other details. They have been represented conventionally in the 
scheme by overlapping areas, the one to the left stands for those 
with marginal sori, that to the right for Chose with superficial sori* while 
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the overlap represents those which arc in course of transition, ot are 
believed to have recently passed from the one state to the other With 
these e:<planations the scheme may be taken as representing the con- 
clusions arrived at in the preceding pageSn 

Of the Simptices the Marattiaceae stand somewhat isolated from modern 
Pernst both anatomically and sorally. They are approached most nearly 
by the Gleicheniaceae in point of the soms, but in anatomy and in habit 
they stand widely apart from them. Their stock probably never progressed 
beyond its present slate. If they had any near relation wdth other living 
Ferns it must have been very far back. 

The other very ancient familj^ the Eolryopterideae, shows obvious 
relations with the Osmundaceae^ both in type of shoot. In anatomy of 
the earlier species, and in sporangial characters. There appears to be 
an anatomical resemblance, on the other hand^ to the Hymenophyllaceaej 
which extends to the external characters of the shoot also ; but the sorus 
of the Hymen ophyllaceae .is widely apart^ having passed to the basipetal 
type. It is perhaps in relation to their consequent increase in number 
that reduction of size of the sporangium is here show-n, and especially 
illustrated in Trkhomanes. None of these three related families appear to 
have jjrogressed further than their living representatives ; they are held 
to be blind branches of descent. 

The Schizaeaceae appear as an isolated family, though nearest to the 
Gleicheniaceae : their solitary marginal sporangia show analogies of structure, 
but not of position, with those of Gkkhtnia on the one hand and of 
Osfnuitda on the other', it is, however, probable that their monangial 
sorus is a result of reduction from a radiate type, such as is seen in 
some species of Gleichenia. Anatomically also their simpler types approach 
Gkid^nia^ but the upright gene raj and Mohria^ appear to have 

progressed along a line of their own to a dictyostelic structure. The 
Schizaeaceae also appear to have been a blind branch. 

The Gleicheniaceae are somewhat i sola ted ^ from the fact that they 
show cross characters : . their sori compare most nearly in position and 
structure w-ith those of the Marattiaceae, but their type of shoot and their 
anatomy correspond rather with the Schizaeaceae. Thus among the Ferns 
which show their primitive character by their large spore-output per 
sporangium, including the Simplices and the HymenophyllaceaSt there 
appear to be several fairly distinct lines : it is possible to link these 
together by hypothesis as to a common ancestry, but there is no distinct 
evidence of their common descent from any known Fern-type, This is 
indicated in the scheme by the convergent but disconnected lineSi the 
longer lines of the Botryopterideae and Marattiaceae indicating their 
priority in the fossil record/ 

From the Simplices, though with uncertainty as to their definite 
reference to any exact origin, at least two other main lines in addition 
to the Hymenophyllaceae appear to have proceeded to the basipetal type 
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of soms : the one with marginal sori, the other w ith superficmL E'hey 
are both characterised hy having their spore output restricted to the typical 
number of 64 as the upper limit. It may be a question: wl’ketber these 
two were truly distinct in phyletic origin^ but they appear to have pro- 
gressed independently. l Eie one comprises the Dcmnkt^dthi-DavnRia series, 
leading onwards to various families of the Mixtae : the other is the Cyathe- 
aceous series. Besides these tlie genus seems to have taken a 

line of its own towards the mixed sorus, and may perhaps be not alone 
in having done so. 

'Fhe most complete phyletic story has been made out for tl^e 
^tmdtia-Davallia series* to which Dkkionia itself ma)' probably be a collateral 
line, with unusuali elaboration of the structure of the stock. The scheme 
suggests a somewhat independent origin for this scries, togetlicr with such 
genera as TkyrSDpkris^ and Duksonia^ fron^ a source pmbably 

betw^ecn the Botryopterideae and Schbaeaceae* though not directly from 
either of them. They all show a structure of the axis advanced to a 
soienostelic or even a dictyostelic state, and a Ixisipetal soriis, tierived pie- 
sunmbly as an amendment on the simple ty[>e r i.oxsoma anti Thyrsi^pttns 
have a peculiarly archaic structure of the sporangium. 'I'he further pro- 
gression* which harmonises reasonably with the palaeontological! record* 
has been traced both anatomically ar^d sorally, and leads with advance 
in both respects, through the Dinmtaedim-Pikrokpiu-DavaUui sec|uence 
from Ferns with a soienostelic structure and basipetal sorus to those 
wdth a dictyostelic stock and mixed sorus. Several side-branches, or it 
may be concurrent lines* also exist, such as IAnd^iiyi\^ Ph'vh^ anti Atiinuium^ 
thus giving rise to the bulk of those herns which Bnmtl grouped together 
as the Pterideae. 

But In several branches from this line a transition is found front the 
marginal to the superficial position of the sorus. One line is direct from 
D^HHSiaedtia through Hypokpis^ a genus with mixed sorus, to some forms 
with superficial sorus reckoned as Foiypifdiiim \ another lii^e may have been 
as illustrated by D&paria^ vrhere the mixed sori are sometimes margij^ai* 
sometimes superficial. Another* and a more decisive line is through such 
forms as Cyskpkrh^ and certain sections of /kna/ka such as ^ 
in which there can be little doubt that the mixed sorus has been shifted 
from the margin to the surface. And so by a number of phyletic sequences, 
by no means exhausted by the examples <|uoied, it seems probalde 
that there has been progression to that prevalent and final tyjje of the 
Mixtae which has an intra'marginal sorus on the lower surface of itic 
leaf. The Ferns thus derived arc charaeterised by their advanced 
dictyostely. 

But there is some reason to think that a similar result has been readied 
also by a more direct route. The series of the (Yatheaceac is linked by 
AbophUn^ and especially by the soienostelic A. pntmaM, with the (dei’ 
cheniaceae : it is a very slight transition* already indicated by ik didadomn^ 
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and to the basipetal 5orus of Ah(fpht(a \ the addition of a basal 

indusiiini, together with increased vascular coriiple:«ity, gives the full type 
of Cyathea. In relation with these genera, though on a minor scale of 
structure, is probabl}' OffixUa^ and as possible last terms leading to the 
mixed sorus may be Woodsia and flypod^rris. But this line requires more 
full investigation before it can be accepted with assurance. 

A third linCj which is however more certain, is the Matoma-Dipieris 
series. Again the sori are superficlab and the relation of Mafonia is 
clearly with the Gleicheniaceae, I’here can be no doubt of the close 
relation of Uipfcris to as shown by external form, as well as 

by anatomy ; but in place of the simple sorus of Ma/ouia and of Dipkrh 
Loiddami that of Diphris^ shows the mixed condition. It seems 
clear that there has been a direct transition in this case from the simple 
to the mixed sorus, leading in fact to a form long included in the genus 
Fiifypodium ; but w'ithout the intermediate basipetal conditionij though this 
has been found usual in other cases. 

It would thus appear that alojtg several distinct phyletic lines the 
condition with mixed sori may have been attained. 'Fhis is the most 
advanced stale of the present day among the Kilicales^ It will rcmam 
for future workers* by anatomical and other enquiry, to disentairgle more 
fully the confused phyletic lines of the Polypodlaceae : the present work 
w'ill at least have served to show wliere the tangle actually lieSj and 
some of the probable lines which have led up to it. 

Returning now to the base of the series of the Filicales, as represented 
in the scheme, it remains to consider ivhat -idea can be formed of a 
primary type for the group. As there is no clear evidence of the nature 
of the Fern-stock prior to the known types of Simplices, it is only on 
a basis of comparison of these with one another, and with other early 
Fteridophytes, that a conception can be formed of the probable origin 
of the sporophyte in the Filicales. Comparison, checked by the Balaeonio- 
logical facts as stated at length above* has led to the recognition of the 
following characters as primitive for Ferns ^ the shoot consisted of a radial 
upright stock, showing occasional dichotomy, with protostelic structure, 
bearing radially disposed leaves, and supported by adventitious roots : 
the leaves were primitively flattened, of relatively simple outline, in which 
dichotomy was a prevalent, but perhaps not an exclusive feature : the 
leabtrace consisted of a single strand : the meristems of axis, leaf, and 
root were not dominated by a single apical cell, but showed a group of 
initials: all the leaves w-ere potentially sporopbylls : the sori wrere .probably 
definite, marginal or superficial, disposed in a single row on either side 
of the midrib : the sporangia of each sorus ivere simultaneous in origi^ip 
sessile, and of large size, with high individual output of spores. 

The characters thus summarised indicate an essentially strobiloid type 
not very much removed from some of those which Palacophytology 
brought to light* Among the Sphenophyllales and Equisetales are forms 
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which share many of ihe characters thus set do^vn. The chki cliflV:re]>ce 
lies ill the extent of the tlevelopmenL of the leaves, and the number and 
position of the sort upon them. These are, however matters of det^ree 
rather than of kind. A dichotomous leaf like tf^osc seen in S^ht^HophxihifH 
or in Psaidobontia is in point of coi^struetion not unlike that t^jie whieli 
is found in certain primitive Ferns, ulvere chchotoniv was also prevaleitt. it 
has been seen that the s[iorangiop])Ores may he multiplied on the single leaf 
of the Psilotaceae or on the leaf-sheath of tlie Sphcnophylls, while a plurality 
of them is a character of Chximsimbai. Jkit s[jorangiophores are field as 
correlatives of Fern sori, thoujjh probably not liomogenetic with them : it 
is thus seen that precedents are present for their plurafit)- un the single 
sporophyll In the strobiloid t}pes. On the view of the UphEoglosaaceac 
given above (pp. 490-494), this family is held to represeitt a series in wfikh 
megaphylly has been achieved from a strobiloid origin; the sporc-firodiioing 
members have there been shown to follow the leaf-enlargement, in si;ie, 
and sometimes even in number. This series, tliougli prol)ably a £|itite 
separate megaplwllous jihylum, shows an interesting parallel to the I erns, and 
suggests how spore- producing members be spread over an enlarging part; 
Lastl)^, the position of the sorus is seen to have varied in Ferns from the 
margin to the lower surfacCj and occasionally to the iipfier surface: ivhat is 
thus liable to change within the Filicales as now defined ma}’ jirobablv have 
been equally liable to change at the inception of the phylum : therefore 
the habitual position of the sori on the lower surface of the sporophyll 
must not be lield to be a vital poijit of difference from other Ptei idophyies. 
Accordingly, there ap|>ears to be reason for regarding the fundamental 
plan of the -sporopbyte in the Filicales as being essentially strobtluid, like 
that in the other phyla of Fteridophytes, but specialised m a greater extent 
than in any of them in the direction of iiiegapljyliy, wTile a cognate 
spread of the sori has followed the enlargement of the sporoirhylls. 



.PART III. 

CON CL USION 

CHAPTER XLL 

ALGAE AND BRVOPHVTA. 

Thk general tiieory which may be based on the occurrence of anti- 
thetic alternation in Archegonlate plants has been expounded in the 
First Part of this book ' the Second Part has been devoted to the 
examination of those facts which specially bear upon the theory, as 
they are seen in the several groups of Bryophytes and Pteridophytes^ 
It now remains to draw these facts together into a collective statentent, 
and to see how far they uphold the hypothetical position ; at the same 
time, the attempt may be made to formulate some general morpho- 
logical and phyletic conclusions. It must be remembered, however, 
while doing so, how fmgmentary the series of genera and species, living 
and fossil, actually is, and how incomplete the knowledge of, the details, 
especially in the fossils, in which developmental facts can rarely be 
observed. These considerations will restrain any tendency to dogmatism, 
and make such statements as are odered rank rather as tentative con- 
clusions than as matters susceptible of ultimate demonstration under 
present conditions of knowledge. 

It must be admitted at the outset that the theory of initiation of the 
sporophyte — by amplification of the zygote, by repeated cell'division in its 
products, by sterilisation of some of them so as to form vegetative tissue, 
and consequently by deferring of the tetraddi vision, with its concomitant 
reduction of chromosomes — is not fully demonstrated by comparison of the 
representatives of any one series of living organisms : there is no known 
phylum which exemplifies all of these several steps imfw. Nor is it 
likely that there should be, if the biological advantage following on the 
multiplication of spores in land-growing organisms were such as has been 
suggested in Chapter VI. j for it is not probable that those land-growing 
organisms in which the sporophyte was nascent would have stood per- 
manently still In the earlier phases of it; the probability would be that 
all surviving forms would have proceeded some considerable length in the 
direction of that biological advantage which follows upon a multiplication 
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of germs. But at least the existence of posi stexual divisitjns in certain 
Algae associated more or less definitely with reduction show that the initial 
structure postulated by our theory does acuially exist. At the 55anie time, 
the Thallophytes present no facts which directly disprove the hyiiothcsis 
for land-growing plants : they do illustrate, however, other types <jf cytologi- 
cally distinct generations, both algal and fungal, analogous, no doubt, to 
that seen in the Archegoniatae, but probably produced along phyleiic lines 
which were distinct, and subject to tjuiiti diircrent external conditions 
during their development, 

A general objection to the whole theory of antithetic Eilternaiion was 
raised some years ago on the ground of the assumed improbability that 
iiew^ parts should apjjear in the life historyd It was pointed out that 
nature is conservative, and it was stated that when a new organ is formed 
it IS almost ahvays fashioned out of some pre-existing organ. 'The adage 
was rjuoted nihih mhU ///”: the same objection to the whole anti- 
thetic position has recently been reiterated fiaun the Continent, The reply 
to this general objection Es a very simjjle one: it is, tlmi the Kjgoic from 
which our hypothesis starts is not nothing”: it is a cell, wiih all the 
powers and possibilities of a complete— and in [joint of fimt a diploid — 
cell. It has already been concluded generally as regards the sfjorophyte 
(p, 100) that a living cell which is capable of growth has not a s[jtci(jc 
and unalterable function : this we may concebv to have beeJ^ tire initial 
condition of the zygote and of its early products, ^I'l^e liypothcsis involves 
a development of the potentialities of a living cell : tlic /lygoie is actual [3- 
seen in each normal ontogenetic cycle to give rise by gradual ,'3ieps of 
development to the whole sporopliyie: the thcrory contemplates a cognate 
development as having proceeded gradually in tlio course of descent, in 
face of the ontogenetic facta the initial objection does imt appear to be valid. 

Passing to the more special cjuestion tjf the origin of members, it is 
necessary to e.xan]ii]e the inherent improbability which is assumed to 
surround their appearance as new structures. It is plain ihEit the dilficufty 
lies in their phyleiic not in their onlogotetic origin : for it is a fact whiclt 
anyone may observe that in the individual developtnetit new parts do 
appear where previously there were none : new axes, new’ leaves, hairs, 
emergences, roots, all are originated in this way, each growing out from a 
spot previously in the individual unoccupied* The position, then, of those 
who entertain this objection appears to be that w'liat is the rule in the 
development of the individual is inherently improljable in the solution of 
the race. This is surely a new principle in morpliotogy. 'The practice 
of the science has been hitherto to hold the exact converse; the onna 
prebandi lies with those who declare that the origin of organs in the 

* Dr. Scott, ['residential Addre-ss lo Seci]^)]i K \iit ftish Aisofutihit 
996J. The pusitioii there taken up was suljstantial])' that ot J^rijigslieiui \Gi'iammdi^ 
Abhand. il. pL^ 370)' It wus criticised in my address to Scciti:>ri K {/hifttJt Assofi\tfian 
189S, p. 1032}, 
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evolution of the sporophyte essentially diiferent from that so constantly 
seen in their individual development. Here it is held that unless good 
reason he found to the contrary, the development of the individual will 
probably reflect in some degree the evolution of the race: but it is 
reco-gnised that the principle is not directly applicable in all cases (Chapter 
XIV.)J Accordingly the ontogenetic facts would support a view involving 
the appearance of new structures in the course of descent. 

We have seen that the first steps in the organisation of a sporophyte 
are suggested by the post-se>iual divisions in certain Algae ivliich there is 
good reason to believe were associated wdlh a reduction of chromosomes* 
Passing from these initial stages of the sporophyte, of which the post- 
sexual stage in certain Algae cannot be held as more than suggestive of 
what actually occurred, to those where it appears as a more or less 
extensive tract of tissue, it has been, shown that the sporogonia of Bryo- 
phytes provide numerous examples of sterilisation, and that the result has 
been to defer the event of reduction, and in various ways to increase the 
means of nutrition and dispersal of the spores (see pp. 2^8-286). The 
facts of sterilisation and their biological results have been accepted by 
other wTiters. and though they do not actually demonstrate that the 
sporogoniuuQ of the Bryophyte did originate by intercalation of a new 
phase in the life-cycle, nevertheless the observed facts harmonise with that 
view : it is difficult, without having recourse, as some have done, to purely 
hypothetical preliminary phases in the descent of this phylum, to read the 
facts in any other way. 

One infiportant point on which the Bryophyta differ markedly in their 
individual development from all Vascular Plants, is that in them, as a rule, 
the whole sporophyte originates by a primary embryogeny: it is initiated 
directly from the zygote with the minimum of apical or intercalary growth, 
and with entire absence of appendages." 'I here is no continued embryogeny, 
tvith secondary initiation of fresh parts, as in Vascular Plants. This simple 

’ T}]€rc! are two leading features of development to which ft theory of rceapitulfttioa 
will not apply, and bctlh are open to a hiologtcal explaiifttiun. The one i& where those 
gouty developntetiLj occur in the embrycjgcny, especially in the Ly copods (p. 351), the 
other is the ftp|>areht priority of iho vegetative system over the spore- production in the 
individtiftl life. In both cftscs the recapituiratioii of tl^e sequence of developmental events 
may- l)e held to have been overruled by' phystolr>gScal requirentenl : the latter is fully 
explained on the basis first of sterilisation of individual cells, and secondly of ftborlion 
of the spore-producing parts i the consequence is that the v^elative systetiH appears before 
the spore-pro<iuction begins: though the latter was the prior function of ihie sporophyte, 
the overntling requirement was for early nutrition. The fo'rmer has its origin in the 
demands of early nursing of the embryo, and it has been shown that it has arisen 
along two distinct lines within the genus Lyiepodima^ Such responses to biological 
requirement are readily intelligible ; Init they must not be held to invalidate the whole 
doctrine of recapitulation, they show rather that it applies within limits only, and that 
the evolutionary story which the individual may tell is lialjle to secondary disturbance. 

*An exception is seen in in which rhizoids appear at the base of the seta ; 

this appears to 1}* a good exan^ple of the origination of nevr organs not fashioned out 
of pre-existing organs (Goebel, /-torff, T906, pp. &e, 
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origin falls in r^adWy whh antitheiic ihtory, under ivhidi it would be held to 
be a priinitivej not an aodjuired condition+ ^MorfO^'er+ it acoortls i^'lth ihe 
relatively simple form and structure of the >:porogoniiLm when mature : 
this simplicity has made the recognition of the part piaved hy sterilisation 
easier iii the Brjophytes than it is in plants where cociti titled cmbrytjgeny 
leads to a more co mill ex state. 

But the details of this primary embiyogetiy are carried out differently 
in Mosses and in Livenvorts : in the former, after the iir^t division which 
separates the hypobasal celt, apicai growth appears in the epibasal liemis- 
phere with regular segmentation of a two-sided initial cell : in the latter 
the segmentation in the epibasal hemisphere is not localised apical ly. but 
after division into octants the growth is iniercalaiy. Both of these types, 
so distinct in their details of segmentation, present points of interest for 
comparison with the more complex eitibryogeny of J^teridopliytcs : but the 
analogies offered by the Liverworts are the more instructive, fn some of 
them (Ricciaceae) there is no distinction of apex and base: it may be a 
question whether this absence of [jobrity is primitive or actpiircd. In 
others (Marchantiaceae) there is definite polarity, the whole liypobasal 
hemisphere serving functionally as a foot and seta, wliile the epiliasal is 
reprodnclive. In others again ( Jiingermanniaccae) the hypobasai hemis- 
phere develops into a unicellular appendage of smalt si/c; the epibasal 
hemisphere after octant division undergoes inteicalary grow th, witli repeated 
transverse segmentation : the seta is derived from the lower tiers of c;ells 
thus produced, and it may be only the uppermost tier that remains fertile 
(Figs, 124, 125)* I’hc interest here lies in the (leleriitig of tlie ijrojiagative 
function, as compared with the previous cases: the part which is in tliem 
ari absorptive seta is here a small body, wiili probably a minor or 
temporary function, while the lower part of the epibasal region, which is 
elsewhere propagative, takes up the duty of the hyiiobasab 'I'lic projiit- 
gative function is relegated to the apical tier, anti thus, tin a basis of com- 
parison along the Liverworts, an example 5 s established of that process of 
deferring of the event of spore-production which is an cs^^ential feature in 
the theory here put forward. .A somewhat similar process lias been traced 
in the Mosses and in the Ideridopliyies there is reason to believe that it 
has been very preA’^alent. I’^he presence of sucli cviticnce fioni jiliyla which 
have probably been distinct from one amUher at least in tlie later pliases 
of descent, illustrates svhat is Ijelieved to have been a progre-isive 
development which owes its prevalence to the fact that it was dictated 
by biological advantage. 

The similarity of the small hypobasai appendage in the JnngermannLuxae 
(Fig. 12$) to the susjjcnsor in certain Tteridophytes is a furtlur poitit 
for comparison; but it Is doubtful w'helher this is in reality anything more 
than a very distant analogy. In either case the body in question represents 
a part of the Jtygoie which takes no active part in the finiher embiyonic 
development: both owe their origin to a form of meroblastk segmentation. 
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Another point of interest in the Bryophyies for comparison is the 
establishment of a central sterile tract — the columella. In the Liverworts 
this is incompletely carried out in An^ttya {Figs. 127, 129)^ and in Pdlia 
(I'ig. i28)j the final end here being a more effective distribution of the spores: 
it is more completely organised in Anlhoceros^ where it probably serves for 
nutrition as well as for distribution (Fig. 130 t) ; but its more definite 
character is established in the Mosses, where it is probably effective in 
water storage as well as in nutrition. However different these several parts 
may be in origin or in function^ they all illustrate that process of relegation 
of the spo re-prod ucti on j originally central^ to a more superficial position. 
It has been pointed out above (p. 286) that in sporogonia ol no great 
bulk, which dehisce by apical pores or by lateral slits, the superficial 
position of spore-production is not a point of biological moment in the 
same way as it Is in larger plants, wh separate sporangia, and with a 
larger proportion of sterile to propagative tissue ; doubtless here again the 
tendency to a superficial position of the spores, so iin perfectly carried out 
in the HryophyteSj shoivs only a distant analogy to the more pronounced 
condition in Vascular Plants, as seen in their superficial sporangia. 

So also with the assimilatory system^ imperfectly represented in most 
Brj'ophyieSj though better developed in some few' {SpJachmmi^ Buxhaumia^ 
Aiitho£ertn)\ however similar these tissvies may be to the functionally cor- 
responding tissues in Vascular Plants, the similarities cannot with certainly 
be held as more than points of analogy. The facts point to a wide-spread 
homoplasy " as having been effective in the Bryopbytes and Pteridophytes ^ 
at the same lime the similarity of the consequent characters seen in the 
simpler organisms, throws suggestive light upon the origin of those of the 
more complex* Nevertheless the similarities cannot safely be held to lead 
further than to the recognition of certain methods of morphological 
advance: they indicate that the origin of the sporophyte was probably the 
same in both classes j it may be traced from a primitive body, initiated 
by the post -sexual complications involving chromosome-r eduction. The 

requirements of both in respect of increasing spore-production, and con- 
sequently of nutrition under suhaerial conditions, w'ere essentially alike; 
independently each has probably w'orked out its own evolution ; and they 
have independently arrived at results which show paints of analogy such as 
those above recognised. The mere existence of those analogies, with the 
differences both of general scheme and of detail rvhich they show, appear 
to lend probability to the recognition of the general biological conditions 
under which they are believed to have arisen* They were briefly these ^ 
that in land-grow'ing forms ivhich maintained the aquatic type of fertilisation 
by a spermatoi:oid motile in water, a premium rvas put upon multiplication 
of germs ; and that mukiplication of germs necessitates increased facilities 
for their nutrition and dissemination. It appears probable that these offices 
were carried out by tissues which originated ultimately by sterilisation of a 
proportion of the potential germs. 

^Compare Vl. where ihe: biological aspect of alternation htis been discussed. 
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No great difficulty is experienced iii recognising the sporogoniiim of the 
Bryophyta, in its various formSt as the result of the ivorking out of the 
requirements in respect of increasing sjjoreq>roc[uciion and consccjuently 
of nutrition, under conditions of sub-iierial lifcx ^rhej,' are believed to 
present a sequence of forms for the most ]>arl cauglst in llie iip-gruik 
of evolution, though showing occasional evidences of reduciiond Hut in 
the more complex Bteridopliytes the case is different : they have, according 
to our hypothesis, proceeded so far in ilie elaboration of the sirorojjltyie 
that the steps of earlier evolution are less easily grjisped : and as the 
area of fact involved is very much greater than in the Bryophytes, and 
the application of the theory of antithetic alternation, with sicrilEsatEon as 
a leading feature, has never till now been fully forniuhiteil for lliem^ it 
will be necessary to summarise the evidence which has been derived 
from the comparative sit;dy of their sporophyte generatioiv This summary 
Will be arranged in order of the c^'ents of the indivitUiai lEfC; starting 
with the embryology, and prtjceeding to the vegetative^ and hnally to llie 
propagative system. 

From the criticisms of the older methods of comparative embryology 
advanced in Chapter Xl^^, it will be gathered tliat at tlie lUomeiU the 
study of the earliest phases of the individuah as an avenue to an opinion 
on the morphology and phylogeny of Vascular Planets, stands in a dis- 
credited position. Modern analysis has dis|)roved the conclusions drawn 
from the primary segmentation, and shown that there is no constant 
relatloit between cel I -cleavages atid ttie genesis of the several parts. 


^ It is po&siUlc to innlko Out ;■ cusij for vii;w of (];c liryopliyles ns 

■scries in which the tiept-ndt-nce of tlit Irts hctn fit.'Coiularib' -ivcjiiirc^], aud 

reduction widely cfTcClivt ; hui Usai i^ieii is iioi .vErlously ciiKrtiLinGd hero, as it is mn 
leased upon oliiscivaiiun o Any aciually esistent organisms imiLcatiaf; that ^ocli] a |>r(ij;rYS:>iun 
took place j nor has any physlfdngiciil groufld iK-ert iulvatictai ns a sufiicitnt ift:.is<pr ihiii 
the piesuititd reduction ;>houUl have been carried out^ 
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tl>t othff hEiH'd, ihc c XU tn I n El tion of the cnibrj^^os of various typics, of 
I tcrjdophytcs }^us shown that the occurreiice of a suspeosor is variable 
witlnn near phyletic hmils, that the form of ttie embryo itself is in high 
degree plastic^ and that a certain correspotii deuce cuti l>e traced between 
biological retpiircment and the proportions, or even the actual position 
of the parts relatively to one another, and to the parent proihalitis. Thus 
the haustoniim 01 foot is found to be inconstant in position, and may 
be present 01 absent in plants of near affinity ; the root may be entirely 
absent, or vary in its position; the cotyledons also may var}' in number 
and in position as uell as in form and dimensions. Such irregularities, 
together with a certain degree of physiological reasonableness which may 
often be seen to underlie them, led not unnaturally to the conclusion 
drawn by Goebel ^ that “ root, shoot, and haustorium are laid down in the 
positions that are most beneficial for their function/' This implies that 
all |>arts are opportunist growthsn T o those who accept this thesis 
as true, embryology cannot form a secuie l>asls for general comparisons 
or for phylogenetic argumentH For them comparative embryology would 
be little better than a study of the more or less immediate biological 
adaptations of the embryos tlicmseh^es : there would be no common ground 
from which the comparison could start. 

But it may be c]uestioned whether this extreme position is full}' 
justified- The cndeavoui must be made to recognise and isolate those 
characters of the embryo which are variable, and to see whether there is 
not some element of constanc}- in shape or in construction which underlies 
the fluctuating features, and runs through all the different forms. This 
has been greatly facilitated by recent discoveries; for now the embryos 
of all the leading types of living Pteiidophytes are fairly wdl known, with 
the exception of the Psilotaceae — though possibly these are, for comparative 
purposes, the niost important of them all. 

A revision of the embryology in the whole series of Ptcridophytes 
described above leads to the conclusion that the form is not so inchoate 
or immediately plastic as Goebel’s statement implies: comparison shows 
that there is one point comparable in them all (where fully, investigated) 
which does not appear susceptible of disturbance on a basis of opportunism, 
vk. the position of the ape.x of the a_xi.s relatively to the primary 
segmentation ; or, expressed in other words, the relation of the polarity of 
the embryo to its first cleavages. 

Of this primary segmentation there are two types, according as a 
suspensor is present or absent ; otherwise it shows that remarkable constancy 
of cleava^ which led earlier writers to construct the theory of octants, 
now' no longer to be upheld. It has been shown that these two types 
may appear in the same phylum (Lycopo diales, Ophioglossales) and even 
in the same genus ; and there is accordingly reason to 

believe that, however important biologically, they do not mark such 

^ Or^UQgyaphy^ ii. p 346, 
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a difference of initiation of tiie cnbryogcny as will scrrv fc'.r a ...fc 
taxonomic guide. Where a sns[,cns„r is formed, the lirst seament-«.dl 
(I, I) djvides the zygote, separating the ]atretu-,el I of the s,.s,,Jnsor from 
what has been styled the embryonic cell (Fig, .yjj As the (.odtion of 
the first scgment-wall in all Iheridophyles where a suspensor o. ,„rs is 
approximately at right angles to the axis of the arehegonium, the mother- 
cell of the suspensor is directed towards tile arehegonbl neck-, anti the 
practical effect of biological moment is that tlie embrvoiiic cell is thrust 
downwards into the tissue of die nourishing itrothalkis, While the 
suspensor is thus recognised as triologically important, it mac, on the 
other hand, be regarded as a means of deferring the actual constitution 



Krt^. 355. 

(li L- huiiiinriiinfioti of f n 1 1 ifyiift. 1 . - w i-, fijimvdi, 

livnicn J-sciH nffljy ilti; firi^i wnll, /, f; ihc Mi^j-huiiMu- K gTHns.hiHiliftl ; /i. = 

scpaiftcinjf tht.- h y ^wilh4t!s;i f htriiivphiLiV' ftiocLittl) rrcim Mti^ Ji. J I, js Mll- wmus; 

L alHjtt;, j ni;irli:iik|i Iht jjrtk'. I|lr = ?iii tt ljun; iilh M i:s|iL-rioi.ii; i- In^rnictL 

I ^ stfiiUciHinion rohctiiiirk s Ehtki iu flte eiHfi^yoiiit crIJ wlifitc iliei ; 

tfle Icli trine confeh-pstpuK ; j,-, j- iruli-ciiic- I lit: [Mjlttrify. Kipni lp hi'npi^pfit ii; trividlc^ phlJ 
four by P^-uadrilll wnfts (5 in H.) ^LlPtl OulnliP wnlJitfH, t. 


of the definitive embryoj which ]S entirely derived from the renudnin^ 
portion of the yygote, Tlie formation of a ijitKpensor is in fact a form of 
nierobbstic segmentation, conij>arahle generally, lliough no( iei detail, with 
that seen in many Cjymnospeniis. Jhil a furtlier analogy is Ut he foondj 
as already pdiiue(.[ out, iir the sj^orogonia of the J[ tinker manniateae ^l■‘^^,^ 
i^S): here, ho^^-ever, it is the segment furthest from the neck of the 
archegonium which takes no part in lire eonstitution of the delinitiie 
sporogonium.^ In either case a part of the product of the zygote, 
which has some more or less obvious hiologicai itse, may in certain 
forms be set aside from partaking directly in the fcniiuitlon of [he definitive 
embryo, 

Passing now to the embryoinc^cell in the Pteridophytes ^vlitch have 
^ suipensor, it has been shown in several well-inve:>tigated (’asus tliat it 

^ It is intervslin|r to nnlc tint lliis Ih^dy fs aUii^at from Eliv >b reliant in ikMv ; :iiir| Hit 
incoiwiancy in iht Livtrwort.'i ina)' \k coiiipnred wiili tlmt i>f iIil* sii.'i|H.jisijj' iip iJm: 
Pteridophjn^, 
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uiidcv^ocs octant-division : ^ the succession of the divisions is not always 
the samCt but as a rule there is first a basal wall (b, b) parallel to the 
wall u ij \rhich dix‘ides tlie embryonic cell into liypobasal and epibasal 
tiersi and this is Followed by quadrant and octant walls at right angles 
355 °)> "hicli divide each of those tiers into quarters. The 

result is a body which shows in many cases^ by its elongating form, that 
there is a distinct polarity: its form and constitution are illustrated by 
diagrammatic figures (big 355 1. ii)j in which the suspenaor is cross- 
hatched, the Ivypobtisal tier doited, and the epibasal tier left clear. Such 
a scheme will serve for all Pteridophyie embryos with suspensor ivhich 
have been fully elucidated. 

Turning to embryos without a suspensor, the segmentation of the whole 
^fygole into octants is similar to that seen above in the embryonic cell, 
where a suspensor is present^ but wnth the suspensor completely omitted 
(compare Tit;. 214; Ophioglossaceae (excL t^bliquum)^ 

Figs. :?6o, 261, 261 ; p. .^50;. and all Filicales). It is represented 

diagram matically in Fig. 355 iii.j where again the hypobasal region is dotted 
and the epibasal left clear. Without attaching undue importance to the 
cell'Cleavages themselves (foi they resemVde those in certain quite distinct 
bodies, such as capitate hairs), they may be held as indications of the 
growth, and, what is more important, of the polarity already defined in 
the body of the embryo. The first indication of the existence of this 
polarity is given by the position of the first segment-wall (r, i)j ^ 

in cases where a suspensor is absent ; and It may be shown that lit all 
fully investigated cases the apex of the axis has a definite relation to that 
first wall- It appears at the centre of the epibasal hemisphere, that is, 
in close relation to the intersection of its octant vvalls : the point is 
marked (vx) in the diagrammatic Figures 355 i., 11., ill. 

It should be clearly understood that however cor>siant the orientation 
of the embryo may be in cases where a suspensor is present, the orienta- 
tion is not constant in the type without a suspensor : in these the apex 
of the axis bears no necessary or constant relation to the axis of 
the archegonium, either for Archegoniate plants at large, or for the 
several phyla of them, or yet for genera or even for individuals. As a 
matter of observation, the orientation of the definitive shoot Is initiated 
sometimes with Its apex toivards the neck of the archegonium (compare 
Fig. 2J4 of Rquiseiumi and Tigs. 260-262 of the Ophioglossaceae, with 
the diagrammatic Fig. 356 in.); or obliquely to one side, Lepto* 
sporaiigiate Ferns (compare Figs, 14, 15 w'itli diagrammatic Fig, 356 JJ.)j or 
away from it {as in Marattlaceae, compare Fig. 292 with the diagrammatic 

^Compare ei>pedftlly Fig. 190 o\ Se/ s/n'tiu/aia ; also, ihouph less clearly, Pfeffer's 
drawings of S. jl/ftr/firiiH, Hartst<^in’s vol. i. Taf. 2, 3 ; Treub’s drawings of 

L;yc. Phiegms^-iit (Fig- 1S5), but more fully in Amty J^rd. B&t. vol. v. Taf. xxiil., 

xKiv., and Druebinanii's drawings of Ly(^ davaium and amiHintim (Fig, : but more 
fully in Bmchitiann^s own uiemoifs quoted above. 
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J') ; been shou-n tliat the latiur type existFi iniually in all 

cases where a suspenior is present, l.yeopods iS^ i8f], rSj), 

and presumably iti Bi>trych{um (I-iej, .>64), In lun'm [he 

orientation may vary between wide limits even in tl^e sajne speeies.' Ihn 
a still more interesting case is that of the genus Jiotryfhmnf ^ in 
B. Lunarta and vir^imaman the orientation of tl^e primary axis is 
towards the archegonial neck (Kigs. %h\, 1(^2, 26^). In A\' 
however {ligs. 264* 2 65 ), where a sLispensor is present^ it is at first 
turned away from the archegonia! neck, as in other emlirvos with a 
suspen&on Thus within the ohi genus there aio types 

of opposite orientation. An inversion of polarity must have occuned ijt 
descent. Probably in more than one case such an inversion of ]»olariiy 



Pro. 356L 

Oi.'iifrn^is to ^llow iIil- rtlrition UtL' w:lII, H. /h", Ii v|K»li:it<.a ^trinl 

]l(;^lk^ph[:r[;s lo shi.' iiiiuk, wlikli ilnJl^■;1lb■Ll by :lii ^brnibi- ; 

ril>i>(vs pvtariiy, .r ijcini; ibci ,V=hi(.-in. = A'~TL.hJC: A = rh]i. I. slmvi '. 

tlic oricni.^iiO]] secit in s pL-roh. II. for J.t-|:aL».|h»r;Lii;^i.ii^ 

IIL ili:H for M\r^ 


has taken place, not by any rotation of the embryo, but by change in 
the way in which the zygote has itself initialed its organisation. It is 
necessary in this connection to realise tlial the zygote is at first without 
any determinate polarity ; that iliis may be inlllaied in various rclaiion 
to the axis of the archegtmiun^ in different types of [ibnt or even in 
diffeTent individuals; and that its position is controlled, not hy external, 
but by iiuertial causes at presetU unknoiivn/- Hut wluUevcr those causes 
may bCj and whatever the orientation, a compariiiive sUidy of cmbry<js 
shows that when the direction of polarity is once indicaleti, as it is 
by the first segment- wall, the apex of the axis of the lirst shoot 
is Initiated in a definite position relatively to ili occupying, in fact, the 
cpibasal pole, 

^Campbe]!, ami pp. 545 547: compare l i^. 191 n (S J59. 

“Goebel, Orj^aaQ^raphy^ i. p. ii9i "■ 
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This general principle may be illustrated by comparison of certain of the 
figures quoted in Part IL Thus in Fig. 1S5 .v, li (p. 348) of Lycopodium 
Phk^^marici the apical poiiit T coincides very nearly with the intersection of 
octants, though it appears un symmetrical owing to unequal growth caused by 
the precocity of the cotyledon (c), but it is righted by the appearance later of 
the second leaf (Figs. 185 c, d). It cannot be doubted that the case of L. 


•a 




Fig. 3 £ 7 . 

Ol.igrams to show in view fron^ Jitrtvt atuL in s«(icm how 
jirowch wLih ainslc chrcc-i^idocL pitjTiAl cell -TW^y lie c&tiiibn' 
lifthtd in an epibaBal hcmisplicre clitSd^id into ociaftC#. The 
quadrant walL Q, and tl^e ociaot wall, s, are Uie first 
qf the series of cleavages, by ihe walli f, ft\ iff 

elt The result is that th« initial ctll (J") is formed at the 
nearest poseiblo |)oinl EO iht centre, consisienl with tho 
sequence of its ;$cg]ni¥ivtaiion. 


Se/ogo very similar, though the 
detailed study of cleavages is not 
yet to hand fFig. 183^ p, 346). 
P ig. 186 (p. 349) of Z, anmUnum 
shows the coincidence of the 
apex (s) with the cleavage- wall 
(11) very plainly indeed. As 
the cleavages have not yet been 
traced in the more aberrant 
Z, cernuum^ it Is ini possible to 
say more than that the ob- 
served facts do not preclude a 
similar origin of the axis, which 
comparison with Phyllogiossum 
makes probable (p, 353)- In 
S^logiticiia spruu/osa (Fig. 190, 
p. 357) a comparison of the 
stages Af D clearly shows 
that the small-celled tissue of 
the apex of the axis includes 
the intersecting octant walls. A 
similar origin of the axis to that 
in Lycopodium and Sc/trgiue/la 
spiniihso may be traced for 
notwithstanding the ab- 
sence of a Suspensor and the 
small size and late definition of 
the ape* (Fig. 191, pp. 359- 
360). The case of 5 . Moriensit 


is interesting for comparison, 
since there is a single initial 
cell, a condition which is probably derivative as compared with that of 
spimdosa^ with its small-celled meristem. Ffefier’s drawings ^ demonstrate 
how this originates with the octant wall forming one of its lateral faces ; 
in fact, at the nearest point to a central position compatible with its 
existence as a single initial cell. The embryo of Equheium shows this 
even more plainly; if a single initial cell is to be carved out of an 
epibasal hemisphere of four octants so as to be as near to the centre of 

^ Hanslcin^s AthandL^ i. , Taf. lii. iw 
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If 


it as possible, it could not be done more e.vattiv tiiAn is in >;uk 

beck’s divings (Fig. 214, p. 393): one ociant eiiLirges ajid ihrnsts ihc 
less active octants aside; and its centra] angle imrin.-diateh‘ lierotne-v fine 
of the angles of the pyramidal lEiitia], i^liieh tiien roiuinui^s. 10 segment in 
a sequence of which the original octant walls were the Inst terms. 'Hie 
succession of the cleavages is sho\M^ diagvanimatkally in 1 ig. 357 ^ and ir. 
The necessary consequence is an appearance in section acctiraielv kIiowo 
in Fig. 35^5 io which it will be seen ihai the apical seiiiiietuadf>[is 
conform with great cNactitude to those shown in the diagram 



Fir,. jjS. 


Di.'i'ijfinjji o( ciKitu-^'O^- .-1. Hjf S;uk'ljL‘H;k). JArp'j/A'i tjifttr 

C, Ilf (nTler 'I'liL-y fill iflLLsErjutr wicli chiroritiln 

i>f I he ajjicfil nf the iiJiih, lo the li^ hrpnv shnii^-n in Ki^. jjy. 


Even in Leptosporangiate Ferns, notwithstanding the influence of a 
large and precocious cotyledon, the same relation of the apical cell of the 
axis to the octant segmentations n>ay be observed, it i.s accurately shown 
in Hanstein’s drawing of the embryo of m/T’tr/r/x (I'ig. 35 nS 

where the apical cell with its first segment directly adjoins the octant-wall 
It is equally clear in Campbeirs Fig. ij8f' for Onttcka jcjco/Z/cv, while 
35® c, after Atkinson, showing the embryo of Aduintfim^ indicates the 
same cleavages there also. 'FhiJSj even in embryos where there is a slrvgle 
initial cell, that cell is carved out so as to be in the point nearejit the centre 
of the epibasal hemisphere that is consistent with their mode of scgmei>- 
tation. In the Marattiaceou:i Ferns, where there is no ctmstant single initial 
at the apex of the stem, the matter is not so clear; but Fig* 292 leaves no 
room for doubt that the position of the apex of the stem is substantially 
the same. In the Ophioglossaceae the segmentation in the embryo has 
not been accurately made out. but sufficient is known to show that in 


’ Moists atA ftrns, p. J22^ 
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Ophifi^hssam vuigahim (Figs. 260 and 260 his^ p. 466) and in BotryiMum 
(I'igs. 261, 262, p. 46S) t\vi apex originates from approximately the centre 
of the epibasal hemisphere* and notwithstanding that there is an early 
displacement owing to the precocious development of the first root. The 
facts thus suffice to support the general statement, that whatever the other 
fluctuations of foriii of the PteridophyEe embryo may be* all the exactly 
Investigated types show the apex of the axis to originate in close relation 
to the intersection of the epibasal octant-walls. 

It is accordingly recognised that the very first step that can be 
observed in tlie embryogeny involves the definition of its polarity, and 
that the apex of the shoot bears a constant and close relation to the 
centre of the epibasal hemisphere. The base of the primitive shoot thus 
delined is the suspensor where that part occurs; where it is absent the 
centre of the hypohasal hemisphere may be held to mark the base of the 
primitive axis.^ The whole embryo thus appears from the first as a 
radially constructed spindle upon which appendages may be borne r these 
arc of the nature of leaves and of accessory roots, and they may vary in 
number, and in position and time of origin, causing thereby marked 
variations in the early structure, whicli are for the most part open to 
biological explanation. The embryo Is, however, subject also to early 
distortion in various ways, through the formation of sivellings of the nature 
of haustoria, or of storage tubers i or it may be that modifleations of 
form arise in relation to the precocious development of some one 
appendage and the correlative delay or diminution of another, or even 
of the axis itself. Though such modifications are probably secondary, 
yet they have produced such peculiarities of form and aspect in the 
embryos in which they appear that the originally radial form of the shoot 
is disguised, and its morphology Iras consequently been misunderstood. 
Examples will now be quoted illustrating these various points. 

The origin of the cotyledon in Ferns is constant in time and place : 
this is probably related to the prone position of the embryo, and to its 
importance for early nutrition in replacing the supply derived from the 
small and evanescent prothallus. But in other cases there is less constancy : 
in there may be sometimes two, though usually three cotyledonary 

leaves in the first whorl. In X. Se/ago and Phiegmi/ria one cotyledon takes 
precedence, soon followed by a second leaf (Figs. 183, 184, r8s), but 
in L. Bavatum two equal cotyledons are formed (Fig. 186). Again, in 
Selagtndia Martemii two equal cotyledons appear very early ; in 5 - 
spinithin Bruchmann specially notes that though the two cotyledons may 

^ Some previous wrilcrs have held the prim ary axis lo run from the stem apex 
obliquely to the apex of the first root. Reasons will be shown below for regarding the 
toot as an accessory pan, commonly lateral, and not determinate in position. Its 
growth may in cenatn cases approiiimatc to the original axis of polarity of the shoot, 
as it does in the embryos of Ferns ; but this is held to be an occ^ional and accidental 
rather than an inherent character, as is indicated by a comparison with the more bojlky 
embryos of and the Ophioglossaceae. 
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sometimes be equal (I'ig, 190 t) Ihey are usiiaKy iirK-fjiial fl-i-. 190 \>i, ;,rir] 
that the second may be long delayed, and only make k.s af>|>eanm( e aJtir 
the shoot issues from iho spore: nur is (here any n^jistatity in liie 
position of the first relatively to the siispm^sor and hrM root Vomfuro 
Eruchmann, Figs. 6s, 63 of .S>/. These examples will 

to show the inconstancy of time and place of origin of ihe hrsi leaves in 
the Pteridophytes at large, noiwithstandiiig the constmicy seen in J cjijs. 
There is, hoiivever, one feature that appears c^>iistatii 1 it is their t)ricntn.tion 
relatively to the axis: they all appear to present towards the axis or to 
that point Avhere the axis will ukimalely make its more obvious apfieantnce, 
a surface that may be recognised as more or less characterisiically ‘^adaxial : 
even In the extren:)e cases of Lycopodium a'ruuum and tjf iPy/ifixLfisum, 
where the number of prolophylls is most irregular tl igs. 101, iSS, 
they are not disposed at haphoicarcl, but face tou'ards the ]?oiiu where the 
apex of the definitive axis appears. This constancy of orletuatkai of the 
first leaves resembles that of the later leaves, and snp] sorts the con elusion 
already arrived at, that cotyledons anti protophylh are esseiuially of the 
same category as the later foliage leaves, and are essentially a|>pend:iges 
of the axis (pp. 1S6 7). 

Here it may be well to mention cases of that precocity of tlic cotyledon 
which carries with it a correlative delay in development of other parts, hut 
especially of the axis (pp. 1S3-4). It is seen in herns, where the cotyledon 
IS hurried forward to supply a nutritive need, and a correlative tlelay of 
the axis is the consequence (big- 35)’ The same is seen in /^vWo. with 
a similar result (Fig, 191 [’.)h But perhaps the most remarkable examjdes 
are seen in the Ophioglossaceae, plants which show greater ada[itive 
plasticity of the embryo than any others It has been sliown th:it in 
certain forms, Oph. (Fig, jfio, 261)1 Boirychium J.umtrut (hlg. 2f>>, 

263h the cotyledon is sn^all, and probably reduced in accordance with 
the underground habit: in ot tiers, Hclmintiwshichys (h’ig, 267)1 /^utnritium 
"ifirgimauum (Fig. 261) the cotyledon appears above ground an 
expanded green leaf, and tliough the apex of the axis is correlatively 
delayed, it is still recognisable. But in others again tlie cotyledon is 
precociously developed to such a degiee liiai it is ddlicult or impossible 
to recognise the apex of ti^e axis ; ^ this may he held to be an extreme 
case bearing wdth it correlative consequences which ha^e completely upset 
the balance of parts in the embryo.’ 

The time and place of origin of the fifsi and subsequent roots is open 
to variation. In Ferns it arises in the hypobasal hemisphere, jind tins is 
the case also in certain types of JUf/ttheium (Fig^ 2 i 4 )t though in E. iuamtk 
it is apparently higher up (p. 392); but in any case it is clearly lateral 
in Equisetum^ and the condition in Ferns appears to be only a less bulky 
variant on the same type. The apjjarent difierence in exact point of 

* Cfih. jmhiff/inumt Cairiplitlk /.fr, p. 

^Compare 469, where CampbelTs rtlttniaiivc vLew h iiwnuoixeil. 
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origin of the lirsl ^^)ot again fully illustrated within the Lycopods : 
in (hig* 190) the first root originates laterally from the hypo- 

basal tietj and near 10 the suspciisor : 111 Lvotpi^dium (Figs. 183, rS^j 
1^0, and in hm/es (Fig. 19 [) it springs from the epibasal tier, and 

is thus necessarily in a lateral position upon the whole embryo. Its 
orientation lelativ^ely to the cotyledon also varies: in It is opposite 

to the cotyledon (Fig. 191)^ in Lyivpodfifm and Se/agine/fa it is frequently 
on the same side of the axis as the cotyledon, but this is not constant 
in 5 . sphiiihso : in Ferns it is on the same side as the cotyledon (Fig. 
*5)’ thus appears that the root is not definite in level or in orienta- 
tion lelatively to the other parts ; while in point of time^ its extreme 
delay in X. and its absence in Sahjhda are cases too well 

known to require remark. It is notable that though the root in Seed- 
Plants directly faces the suspensor, this is not the case in any Pteri- 
dophyte : in them it is always a lateral appendage, how'ever nearly it may 
sometimes approach the centre of the hypobasal hemisphere^ Accordingly 
it cannot be held to be itself the continuation of the primitive axis* 

I hough the root may appear late in the embrj^ology of certain Lycopods, 
the converse is seen in the Ophioglossales ; in them the precocity of the root 
upsets the balance of parts usual in other embryos. This is seen in moderate 
degree in such types as hofrychium (Fig. 561) or M. oMif/mfift 

(Fig. 264), in which, though the embryo differentiates slowly, the root soon 
takes a prominent places but in I>o£tychium Z^itTiaria (Fig. 263) and 
Ophiogiosuim miiyatum (Fig. 260 bh) it is clear that the root, rushing 

forw’ard in its development, outstrips the other parts, and becomes the 
piominent feature of ths embryo. The extreme is, however, found in 
Oph. p^ndnium^ and so prominent is the root here that Campbell has 
described the embryo as consisting of “roots only/^J This may probably 
be held as the consequence of precocity of the root carried to a greater 
degree than in other species : and the precocity finds a ready biological 
meaning in its mycorhizic function. Jt may be held that the embryo 
hurries it forward as an accessory aid to nutrition, and the parts of the 
shoot are correlattvely delayed till sufficient store is at hand to justify 
their development above ground. 

1 hough the balance of parts in the embryo may be thus disturbed by 
the precocity of certain parts, still more profound disturbances appear 
associated with parenchymatous swellings of the nature of haustoria or of 
storage tubers, and these are usually accompanied by considerable curvature, 
and distortion of the axiSi Such swellings are of two sorts : intra-prothallial 
haustoria, to which the name “foot" has commonly been applied, and 
extra-prothallial tubers, known under the name of “ protocorm." In simple 
types of embryo with suspensor the hypobasal tier of the embryo may 
remain small, though functionating as an haustorium (Z. Sdaga^ Fig. 1S3, 
and Z. Fkkginaria^ Fig. 1S5) : but in others it may enlarge in the direction 

^ Ann, Jiird. HuU.^ vol. xxi. , p. 189. See remarks on p. 469 abewe. 
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of the greatest nutritive supply and take a strong curvature, as In Z. damium 
{Fig. tS 6). In others, again, it may provide the basal part of the embryo 
and root, without any swelling {StL ipmdosd^ Fig. 190J, or an haustorial 
swelling may be formed^ with convex curvature, on the side next to the 
food supply {Sd* M^xrUnsii). In embryos without su sponsor the hypobasal 
tier may maintain this same function, but it is usually only slightly enlarged 
{Eqtdstium^ Fig. 214; Fern, Fig^ 15; Fig. rgr ; Ophhghmim vulgatum^ 

Fig. 260 his\ B&irydmtm Fig* 263)* It would appear from the 

inconstancy of their development, and their position in relation to their 
obvious uses when present, that these haustorial growths are of the nature 
of relatively late and direct adaptations at or near to the basal region of the 
axis of the embryo, and it is significant that there is no special haustorial 
growth in Zjv. Selago or in Selag. spdiithsa, both of them species believed to 
be primitive types of their respective genera* 

The extra-prothallial swellings, of the nature of proto corms, differ in 
origin and In function from the intraprothallial haustoria (FigSH loi, 178, 
1 88): they spring from the epibasal tier, and do not serve as suckers. 
It has been argued at length above (p* 351, etc.) that there is good reason 
to believe them to be secondary in their origin : however greatly these 
gouty interludes may affect the form and appearance of the embryo, their 
effect is temporary, and the shoot ultimately settles down into a normal 
Lycopodinous type. If this view of the protocorm as a special sectmdary 
development be accepted, then it may be put on one side as not directly 
affecting the bearings which embryogeny may have on the theory of 
origin of the shoot. 

The various types of embryogeny observed among Pteridophj tes have 
now been reviewed, and it remains to attempt to separate the chairactcrs 
which are secondary, special, and fluctuating, from those which are primary 
and constant, with a view to some general estimate of the embryogeny 
as an aid to a morphological conception of the shoot, hollowing the 
reasoning contained in the preceding pages, the occasional swellings of 
the nature of a protocorm or of a haustorium, together with the curvatures 
and distortions which these often produce, n^ay be set aside as secondary ; 
similarly, the precocious developments of root or of leaf, which sometimes 
upset the balance of parts in the embryo, may be set aside as special 
biological adaptations j, for even where a cotyledon or a root appears 
early and anticipates apparently the other parts, still in all accurately 
observed cases the relation of the axis to the primary segmer^iations is 
found to be maintained. Further, the position of the first root h always 
lateral ; its orientation and level of origin varies, as well as the time of 
its appearance ; these facts point to its being an accessory part upon the 
embryonic body. The first foliar development Is inconstant in position 
and time and number of the leaves, but it is constant in the fact that 
the protophylls are always lateral with respect to the point where tlie 
axis will appear, and orientated with regard to it, so that more or less 



674 


CONCLUSION 


definite adaxial ” surface is presented towards it. Tt thus appears that the 
most constant features of the embryo in Pteridophytes are: (r) the origin 
of the axis in relation to the initial polarity of the embryo* and (z) the 
orientation of tlie (irst leaves relatively to it. These facts once recognised 
must needs take a premier place in Pteridophyte embryology. The 
embryo is thus presented to the mind as consisting essentially of an axis 
or spindle, liable in the different types to varying proportions of length 



Diagrams of ■embr^'os: the suspcnsor i? cros-S’ hatched ; the hj'pobiitSAl htwikSphere 
dotted, and I he cpibasaE clear. A^Sfis^nelfa & = Ma7-tttisi}\ 

C ^ LyciffieetimK ilfiffgv, £>™ Lycf^iitum utaiMtiurn. Lycep^ium (vrrtnmft. 

f«eotylcdoTi ; -it/^apex of nxis ; r = rool ; 
■ h^Tiocotyl : y=ftioi; j=5uspensorr These diasTanis place various of the djvfir^ent 
types described in the text in juxtaposition^ and thus hrin^ into prominence tb^Eir points 
of similarity nnd of difTcrencc. 


and breadth* upon which the other parts are inserted as appendages: 
the leaves with a more regular relation, the roots with less regular 
relation* and the haustoria or tubercles being occasional. In cases 
where a suspensor is present this constitutes the organic base, while 
the stem-tip forms the organic apex of the spindle, which is itself 
built up from the suspensor, the hypobasal, and the epibasal tiers. In 
cases where no suspensor is formed the relations of parts are still the 
same, but the base is formed from the centre of the hypobasal tier ; 
often, however, the latter is specially developed as an haustorial foot* 
or disguised by the early origin of a root. The spindle thus defined is 
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held to be the primitive a>:is, which in virtue of its constancy and of its 
early development is regarded as the fundamental factor in the embryonic 
shoot. The prior existence of the axis in the normally devclo|}ing shooh 
and the origm of the leaf laterally upon it,, have been held as the basis 
of the enation theory of the leaf (Chapter XI.) r since tliere is reason to 
recognise the existence of that polarity of the embryo ^vhich defines the 
axist prior to the origin of the leaf in ail the varyl[ig forms of the embryo, 
the same arguments will apply even to the earliest phases of the ontogeny. 
In faett the embryo itself is from the first segmentation a shoot showing 
polarity : the appendages appear later. Such results from the comparative 
study of embryos greatly strengthen the strobiloid theory of the shoot* 
as enunciated in Chapter XL : at the same time they indicate that the 
embryo is not a thing apart from the later dei'eloped shoot, but merely 
Us initial phase* modified in various ways to meet biological needs, 
but preserving essentially the same relations of prior-existent axis and 
of leaf produced in lateral relation to it. 

A question remains as to the relation of the embryos witli: suspensor to 
those in which there is none. Is it possible to recognise either of these as 
the prior state? The two types indicate different modes of prothallial nursing : 
that with a suspensor is characteristic of stocks having relatively bulky 
prothalli, often underground, and at the present time carrying on as a rule 
a saprophytic nutrition ; the type without suspensor is characteristic of stocks 
with less bulky prothalli, usually above ground, and self nourishing. The 
determining factor would appear to have been the bulk of the nourishing 
prothalluS] rather than the exact way in which it obtained its nourishment. 
The ’question will therefore be, whether the evidence points to a bulky 
prothallus and embryo with suspensor as the prior conditioti, or a less 
bulky prothallus and embryo without suspensor. I here are two phyla from 
which comparative evidence on this point may be drawn, viz. the Lycopo- 
diales and the Ophioglossales. In the Lycopodia I es, in view of the upward 
curvature commonly seen in their embryos (higs. 1S3, iSS, tyo), 

and the necessity of their bursting through the tissue of the [>rothallus 
at some point apart from the archegonium to gain their freedom, the 
complete inversion of the embryo, and its emergence in the neighbourhood 
of the archegonial neck would be a simplification of an awkward and 
inconvenient process. Such a simplification is found iir which there 

is good reason to look upon as a more specialised type of the Lycopodiales, 
and in which the indeterminate position of the first segmeniaiion of the 
zygote suggests how the inversion may have come about. Moreover* 
the condition with suspensor is fouriid in its simplest fornip and wmhout 
any tuberous complications* in such species as Z. and 5 V/. 

both of which are believed to be relatively primitive forms. The facts 
supply no proof, but they suggest a reasonable probability that within the 
Lycopodialcs there has been a progression from the state with suspensor* 
and apex directed to the base of the archegonium, to the sUte without a 
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suspensor, and with the apex directed to the archegonial neck* A similar 
probability may be recognised in the Ophioglossales, and Botr, oHigttum 
may be held to illustrate the more primitive emhryogeny ; and it shows 
also that an awkward curvature during development is entailed on the 
young embryo (Fig. 264) : the type common for the rest, without suspensor, 
and with the apex directed to the archegonial neck would be the derivative, ' 
and in them the awkward curvature is avoided* As regards other phyla, such 
as the Equisetales and Filicales* where a suspensor is absent, the question 
must remain open ; but there is nothing apparently to oppose the view 
that they also may have sprung from a stock with a suspensor, and 
that, as suggested for and for most of the Ophioglossales, they 

also may have broken away from a development which had ceased to be 
practically useful. The evidence from the Ferns, such as it is, indicates 
a probable progressive reduction of the prothallus on passing from the 
Eusporangiate to Leptosporangiate types: this would accord with a 
general opinion that the primitive Pteridophyte prothallus was generally 
a massive structure, and the primitive embryo which it nursed of the 
type with a suspensor* 

A comparison of the spindle-like embryonic axis of the Pterido- 
phytes which these observations have disclosed with the young sporo- 
gonium of Bryophytes, and especially of some of the Jungermanniaceae, 
is inevitable : it would, however, be an error to press this comparison 
closely. In both cases a segmented body of radial symmetry is 
recognised, endowed with growth* But there is no sufficient reason to 
believe that any living sporogonium really prefigures any early Pterido- 
phyte: the similarity may well have had its evolutionary origin along 
distinct phyletic lines, but subject to somewhat similar biological 
requirements. On this point the difference m position of apex and base 
has its interest; while the suspensor of Pteridophyteg points to the neck 
of the archegonium and the apex towards the nutritive prothallus, m 
Eryophytes the apex is towards the neck of the archegonium and the 
fool, or in Jungermanniaceae the basal appendage, grows into the tissue 
of the gametophyte* There would appear to have been an essential 
difference of method here : m the one case leading to the direct establish- 
ment of an ephemeral sporophyte, deriving its nourishment from a 
perennating gametophyte, and demanding early dissemination of its spores: 
this is characteristic of the Bryophytes* On the other, the tardy establish- 
ment of a perennating sporophyte deriving its nourishment at first from 
the gametophyte, but eventually achieving a power of self-support, and 
producing its spores relatively late: this is characteristic of the Pterido- 
phytes, and extended with modifications to the whole Vascular Vegetation* 

From the above pages it will appear that the evidence to be drawn 
from comparative embryology as bearing on the morphology of the shoot 
is by no means to be neglected. When the fluctuating .characters and 
features of more irumediate adaptation are removed, there remains a sub- 
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stratum of constant fact, which gives no uncertain support to the strobiloid 
theory of the shoot. For it appears that from the very first segmentation 
of the zygote the polarity of the embryo is defined, and the position of 
its axis may thereafter be recognised with certainty. The embryo is in 
fact from the first a shoot with pre-existent axis, not a congeries of parts 
which are ultimately related to an axis of later origin. W'hik we recognise 
thus the importance of the facts of development in indicating the shoot- 
character as initiated at once, it is necessary always to bear in mind the 
critical position of the young embryo until it is self-supporting: the 
ui^ent need of nutrition is the chief influence which has contributed 
to its biological specialisation, and to the assumption of those aberrant 
forms which tend so strongly to disguise its real nature as a simple 
and primitivci but from the earliest stages a leafy shoot. 



CHAPTER XLIIL 


THE VEGETATIVE SYSTEM OF VASCULAK PLANTS 

ANALYSED. 

A MOST eflTective factor in the higher development of the sporophyte is 
the continuance of apical growth. In some few cases this is absent, as 
in the sporogomum of certain Liverworts^ and the development is then but 
small; or intercalary growth may intervene as in the Jungermanniaceae, 
and be continued for a long period, as in the Anthoceroteae ; but in all 
the more elaborate cases, including the Mosses and all Vascular Plants, 
localised apical growth is effective, though it is usually associated with 
intercalary growth. This localised and continued apical growth is 
taken up early by the apex of the axis in the young embryos of 
Vascular Plants, and is persistent through life t it is by reference to the 
simpler cases where it does not exist that its importance as a factor in 
the organisation of the plant-body will be duly appreciated. In presence 
of the sporophytes such as those of the Liverworts it becomes evident 
that apical gro^vth is not a general factor in the neutral generation : it 
seems probable that in the first instance it did not exist, and that the 
whole sporophyte owed its origin to a primary, intra-archegonial embryo- 
geny i that localised apical growth, and as a consequence continued 
embryogeny, was acquired as a secondary development, though it has 
become a dominating influence in all the more elaborate sporophytes. 

The mode of segmentation ivhich accompanies apical growth provides 
important material for comparison, according as it is conducted with a single 
initial cell or with many, and according as the meristem is stratified or 
not. In certain cases comparison leads to the conclusion that the more 
definite segmentation with a single initial is a derivative state in the 
sporophyte, and that with several initials the more primitive. Among the 
Bryophyta there is no distinctive evidence on this point: the sporogonia 
of the Musci have as constantly a single initial cell as those of the Hepaticae 
have none. But among the Pterldophyta evidence of value comes from 
the Filicales, and also, though less clearly, from the Lycopodiales. A 
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comparative study of the meristems of root, stem, and leaf in Kerns indicates 
that the most complex meristic condition is found in the Maralliaccae, a 
series of Ferns known to have been well represented in Palaeozoic times 
(see p, 650, etc ). The Osmimdaceae are now being more and more firmly 
established in relation to the ancient Botryopterideae : their characteristic 
structure is recorded back certainly to early Mesozoic times, and possibly 
earlier ; they show in their meristems an intermediate condition, while 
that of the roots is variable : Tcdea often has the structure characteristtc 
of the Marattiaceae : Osmunda has sometimes a single initial in the 
root, but often more, with curious irregularities of the segmentation. 
Its stem-structure shows a similar state, while the leaf in the Osmun- 
daceae is alone among Ferns in possessing a three-sided initial 
with regular segmentation : the leaf (except in the filmy Todtad) 
also shows a structural complexity of the wings similar to that of 
the Marattiaceae. All other Ferns, including even such early forms as 
Schizaeaceae and Hymenophyllaceae^ have the single initial in all their 
parts, while the wings of the leaf also have a single marginal series of cells 
with definite segmentation. From this it is concluded that in the Pilicales 
there has been a progression from types which were more primitive where 
the meristic structure was more complex, with the centre of construction 
more deeply seated, and as a consequence wdth a plurality of initials of 
prismatic form— to those characteristic of more modern limes, where the 
meristic construction is less complex, the centre of construction less deeply 
seated, and as a consequence with a single initial having the form of a 
three-sided, or even a two-sided, pyramid. The progression has been from 
a more massive to a less massive construction, and from less definite 
to more definite segmentation* It has been shown above (p. 637) that 
a similar progression may be traced in the sporangial character, 

A parallel progression, though less definitely indicated, is to be traced in 
the Lycopodiales. At the apices of stem and root in the ancient genus 
Lycopodium the tissues are not referable to a single initial cell. In 
Sela^nelia sphiuioso also, that species which on grounds of its radial shoot 
and its aiiatomical structure we have recognised as a relatively primitive 
type of the genus (pp. 300, 33*)) there is from the first stages of the embryo 
a small-celled merisiem, without any single initial in stem or root, dut in 
the dorsiventral species, which on grounds of form and structure are held 
to be derivative types, there may be a single initial both in axis and root, 
though variable in the details of form.^ This mode of apical growth makes 
its appearance in the very first stages of the embryo (p. 35^)- 1 1 seems 

therefore probable that here again, as in the Filicales, there has been a 
phyletic progression from a less definite segmentation with several mitia s 
at the apex of stem and root to a more definite segmentation with a single 

ininal cell* 

> Dc Ba.y, p. IS. Treub, LeiJe. .E??, 

Pt. i.j in, ni. 
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Such examples, showing a parallelism of progression raise the question 
whether in the Pteridophytes generally the apical segmentation with a 
smaH-celled meristern and several initials was not the more primitive state, 
and that with the more definite segmentation of a single initial the derivative^ 
It is not possible in the present state of knowledge to come to a definite 
conclusion on this point; and in the sporangiophoric Pteridophytes, including 
also the Ophioglossales, the evidence is less clear than in the cases above 
quoted ; for In them there is a prevalence in the very isolated living genera 
of a definite segmentation with a single initial : there isj it is true, nothing 
to preclude the view that they also were derived from forms with several 
initials : certainly their eusporangiate sporangia, and deeply sunk antheridia 
and archegonia, which usually go with the less precise segmentation at 
the apex, would suggest that this was so. 

Closely associated with the continued apical growth of the shoot is 
the formation of the appendages, leaves, emergences, and hairs. The 
leading fact with regard to the leaves is that in all cases they are found 
to originate normally in the same way, by enation from the pre-existent 
axis, and in acropetal succession : the embryological comparison given 
above shows that this holds even for the protophylls, It applies equally 
for the small leaves of the slrobiloid types and for the larger and more 
complex leaves of the Ophioglossales and Fil kales i moreover the leaves 
are dorsiventral, and show a constant orientation to the axis w'hich bears 
them. The high degree of persistence of their relation to the axis, 
notwithstanding the differences in form, and number, indicates that 

the parts large or small are substantially of similar nature throughout the 
Pteridophytes, though not necessarily homogenetic. The discussion in 
Chapter XL has led to the conclusion that the leaves originated in descent 
as they are seen to do now in the normal course in all Pteridophytes, 
\lz. by enation from the apicaily growing axis. It is held as probable 
that the process of leaf-formation which appears In every normal ontogeny, 
should represent the mode of their phyletk origin. 

The view that there is an inherent improbability in this mode of 
phyletic origin of the leaves has already been alluded to (p. 659). 
But leaves are not the only appendages of the simple shoot : emergences 
and hairs must also be considered, and from these some light 
may be derived as to the origin of appendages at large which may 
illuminate the probable origin of leaves. Emergences occur In Isolated 
genera and species of Vascular Plants, both in Pteridophytes, and Seed- 
Plants : they sometimes contain vascular tissue, and in early stages of 
development may closely resemble leaves. Both emergences and hairs 
arise ontogeneiically by enation from the plant-surface, and both are often 
irregular in their position. Is there any reason to believe that these 
sporadic appendages of the shoot were fashioned out of some pre-existing 
organ,? The very irregularity of their position in the individual, and 
of their occurrence in the race precludes such a view for them ; the conclusion 
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seems unavoidable that these minor organs arose pbyletically by enation, 
as new outgrowths, from a previously smooth surface. If it be admitted 
for emergences and hairs that new organs, not pre-existent in the race, can 
originate by enation, are we to take a different view for leaves, notwith- 
standing that the facts of individual developmerLt by enation are alike in 
both cases? Is the leaf to stand alone among the appendages of the 
shoot in having been fashioned from some pre-existing organ ? It may 
well be asked whether this view has any other foundation than in pre- 
conception apart from fact. The ontogeny is against it. The pitylogeny 
does not show it to be a necessary view. Comparison with other 
appendages of the shoot gives it no support. And^ finally, its acceptance 
has led its adherents into theoretical difficulties involving hypothetical 
otganisms such as “ Archegoniate Algae ; or a ^^Prohepatic ” type has been 
assumed. These appear as unnecessary as they are non-existent to those 
who accept the guidance which the individual development gives with so 
great constancy. It may, on the other hand, be urged that leaves are 
essentially different from emergences and hairs : that they are more constant 
in occurrence, and more regular m position, as well as physiologically 
more important, as they were also prior in descent. But such differences 
do not indicate a radical difference in their mode of origin : the early 
phyleiic appearance and physiological importance of the leaf would rather 
lead One to expect that just such priority and regularity should rule in 
their organisation as distinguishes them from the other appendages of the 
shoot. On these grounds it is held that the phyletic origin of the leaf by 
enation, like that of emergences and hairs, is more probable than any theory 
under which it would be fashioned from some pre-existing organ, hitherto 
undefined, and wholly hypothetkah 

The other appendages — the roots — bear no direct relation to the 
continued apical growth of the axis. This fact, together witli the great 
diversity of their position and time of origin indicates them as accessory 
parts— as they have already been held to be in the primary embryogeny. 
Thus whether from the primary embryogeny, or from the plant showing 
continued apical growth^ the conception of the simple shoot emerges ; it 
is composed of a pre-existent axis defined in relation to the first 
cleavage of the zygote ; upon this axis leaves are produced laterally, by 
enation in acropetal order,^ also, though less constantly, emergences and 
hairs; while the roots, and even the first root of the embryo, are 
accessory organs. 

The simple shoot thus constituted, forms the unit upon which the 
vegetative region of all Vascular Plants is built. Comparison indicates 
that the radial construction of the shoot was primitive for the sjiorophyte, 
and that where dorsiventrality occurs, it has been secondarily acquired 
{Chapter XVI.)* Such a shoot, developed as it is directly in die embryogeny, 
may sometimes remain entirely unbranched ; this is seen in some of the 
simplest species of Lya^podium L. Tr^ndlid) or S^ia^ndla (.S. pumila 
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in its simplest forms) : it is habitualj though with occasional exceptions, 
in Isoetei and the Ophioglossaceae, and it is seen in many Ferns, and 
especially in such early types as the Marattiaceae, and Osmundaceae^ 
The whole plant in these cases consists of a single uptight radial shoot, 
and there is reason to believe that this is itself a primitive condition ; 
such a view accords with the generally primitive character of the plants 
in which it is seem It may, however, result also from reduction, as may 
often be seen, in starved seedlings of annual flowering plants. 

Bui in all the more advanced types, branching of the shoot occurs, 
resulting in multiplication of shoots, and ramification often of a high 
Order. It is necessary to put this in relation to the simple unbranched 
state* The terminal dichotomy of the shoot was probably a primitive 
mode of branching. It is characteristic of those species of Lycopodium 
and Sslogindla^ which are held as primitive- (vi;:. the Sdcigo section of 
Lycopodium^ and in Sdo^nella spinulosa) \ it is seen occasionally in hoeiei^ 
in the Psiloiaceae, and in the Ophioglossaceae as a rare occurrence, also 
in the Osmundaceae, and in some other Ferns, Gradual transition from 
the dichotomous to the monopodia! branching may be traced by comparison 
of the more primitive with the more specialised species of Lycopodium 
and Sdagindla^ while in some cases the change may be traced through 
unequal development of the branches of the dichotomy in passing from 
the earlier to the later branchings of the individual life,^ This makes it 
appear probable that the monopodial is a later and derivative mode of 
branching. 

It is a question what the relation of these terminal branchings of the 
shoot may be to such lateral branchings as are seen in Kquhetuvi^ and 
Sp/iCuopLy/luoij or in those Ferns where axillary branching occurs. It seems 
not Improbable that these are in origin quite distinct modes of amplification 
of the vegetative system from those brought about by terminal branching, 
and that they are to be regarded rather as regularly recurring and early, but 
nevertheless accessory developments* A reason for this distinction is to be 
found in what is seen in Equisetumy for here terminal fissions of the strobilus 
are occasionally to be found, and are quite different in nature and origin from 
the formation of branches normal for the genus. Again, in the Ophioglos- 
saceae, in which family dichotomous branching has been seen as a rare 
occurrence, and in many Ferns such as Ptcris^ which show occasional 
dichotomy, buds arise at points remote from the apex of the shoot, in the 
former case upon the roots, in the latter commonly near to the bases of the 
leaves : these are clearly adventitious. All of these are probably of distinct origin 
and nature from the terminal branching which is fundamentally dichotomous. 
Moreover there is a structural difference between terminal ramifications and 
branchings which are accessory : the former carry on the vegetative con- 
struction with amplified stele, and fully formed leaves arranged as in the 

'This is believed by Bnicbn^anifL to be the rale tbrougheut the genus Sdaginello^ 
their first branching being regularly dichotoirLOiJs, i.r*, p. i8* 
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region below the branching : the latler commonly start afresh from simple 
beginnings, analogous to those of the seedling, with a contracted stele^ and 
leaves of smaller size, and simpler form and arrangement, I'hese facts seem 
to mark a distinction between terminal and accessory ramification. 

By either, or by both of these modes of branchingt there is ample 
provision for extension of the shoot-system, over and above its own apical 
growth, The branchings, whetlier terminal, axillary, or adventitious result 
in the repetition of the original unit, modified, it may be, in certain minor 
respects, but retaining the essential characters of the primary shooL But 
the upright position so common for the latter is not habitually maintained by 
the later derivatives, which show a tendency to run off into plagiotropic and 
dorsiventral modifications: not uncommonly they may lake an underground 
course. And thus, primarily from its own apical growth, but secondarily 
from repetition of the primitive unit as a result of branching, the diverse 
vegetative systems of vascular plants are built up. 

There are certain analogies between the branching of the axis and 
that which is seen in the leaf of many vascular plants* In not a few 
cases the leaf is unbranched, and this — as in the case of the unbranched 
axis — may be held as a primitive condition, though very many cases where 
simple leaves exist have probably been derived by reduction from more 
complex types with branched leaves* But just as the axis may dichotomise 
in primitive forms, so also is dichotomy seen to be w^idely existent in the 
leaves of early vascular types, and examples come from all the jiliyla 
excepting the Lycopodiales. In the Equisetales, the ancient Askr^uiamik^ 
had leaves repeatedly dichotomous (Fig- ^ someiivhat similar 

branching of the large leaves existed in i^^iudobornia : d^ese shoiv that 
though many of the fossil Kquisetales, and all the living ones have simple 
leaves, the capacity for their dichotomy existed in the race. In the 
Sphenophyllales the dichotomy of the leaf is an outstanding feature, and it 
is represented in the modern Psilotaceae : in the latter Tmtsipkrh is 
specially Interesting, since, though normally the sporophylls dichotomise 
but once, repeated dichotomies occur occasionally in the middle of the 
fertile region ; this suggests that the leaves possess capacities for branching, 
normally unrealised, but brought into existence where the nutrition is most 
effective. In the Ophloglossales branching of the leaf is also seen; some- 
times it is clearly dichotomous {Ophioglossum paimufiff/ijf but in B&iryAHum 
and it is modified in the direction of a monopodial 

branching* It is, however, in the Fllicales that branching of the leaf 
attains its climax; and the prevalent dichotomy, and transition to a 
monopodial branching show interesting analogies to what is seen in the 
shoot itself J 

The roots, which have been recognised as adventitious and accessory 
parts upon the shoot, also show a branching similar to that of axis and of 
leaf* In the Ly copods the roots are sometimes un branched, as is usual 

p. 627, elc., wbtr« the liierature is quoted* 
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in ; but in Lyiop&dumi^ Sii^^ntlla and Is&eies there is 

dichotomous branching, often with unequal development of the shanks* 
Ophh^Imsum also shows dichotomy of the roots. But in Bfuisetum and 
in Ferns the brarching is definitely nionopodial, the lateral roots originating 
apart from the apex of the main root j a condition comparable with the 
origin of the lateral buds in or of the axillary buds in the Hyimeno- 

phyllaceae. The similarity of these conditions to what is seen in axis and 
leaf is unmistakable. 

It is thus seen that in the axis, leaf^ and root provision is made for 
amplification of each several part by branchingj and the methods of 
branching seen in them all are essentially alike : each type of part may 
remain unbranchedj or it may dichotomise^ or show monopodial branching ; 
it is also seen that dichotomous branching is prevalent in those forms which 
comparison or palaeontological evidence shows to have been primitive. It 
is natural that such analogies should exist between parts of the same 
individual plant ; but tliere Is no reason to see In them anything more 
than parallel modes of amplification of parts w^hich were throughout their 
descent distinct in their origin, and in their nature*^ 

An analysis of even the most complex types of the vegetative system 
in Vascular Plants involves only the factors thus disclosed, viz. the shoot 
consisting of axis and leaves, with occasional emergences and hairs, and 
the accessory roots* The apical growth of the shoot may be continued 
indefiniiely, with indefinite repetition of its several appendages ; or it may 
itself be duplicated either by terminal or by lateral branchings, with or 
without accessory roots* In fact, the whole vegetative system of the plant- 
body, however complex, is built upon the simple shoot as the unit: its 
apex, initiated in the first definition of polarity in the embryo, shows 
continued apical growth with formation of an indefinite succession of 
appendages 1 it may fork at its distal end: or new shoots may be initiated 
below the apex: but still the whole plant-body is derived from the 
extension or it may be the forking or repetition of that fundamental 
unit — the shoot. 

* The fact that these structtuial analogies e.vigt cannot rightly be held to show any 
common origin of those parts, unless eKAinples of dichetotny cin be brought forward in 
which one limb develops as one type of part* the other as another type j or unless a gradual 
transUioh frotn dichotomy to monopodial branching, such as is seen in the branching of the 
leaves of Feins j smooths over the iransilion from branchings which produce paits of the 
same category to those which produce those of dififerent categor>-. Such direct evidence can 
easily be found indicating a common origin of rachis and pinna In the leaves of Feins; but 
it has never yet been produced in support of the views of Polonl^ or of Tansley as to the 
common origin of axis and leaf, already alluded to above (pp. 62S, All the evidence 

adduced by them is indirect ; though the structural analogies ate interesting! they carry little 
weight against the positive lact that in all observed cases the leaf originates normally as a 
lateral appendage of the axis, 



CHAPTER XLIV. 


THE VASCULAR SKELETON. 

Passeng from the characters of external form to the internal arrangement 
of tissues^ the Vascular system provides by far the most constant 
structural characters; and, as it is naturally the best preserved tissue in 
the fossils, it gives a basis for comparison of both ancient and modern 
Pteridophytes. But in dealing with anatomical facts it must be 
remembered always that in any progressive evolution vascular structure 
follows, and does not dictate external form : all the evidence which it 
yields is necessarily €x posi fa^to evidencCn On the other hand, the 
Structural effect of a certain development may persist even after the 
formal characters with which it was primarily bound up may have been 
altered or even wholly removed. In fact, anatomical characters are apt 
tardily to follow evolutionary progress, and to thereafter persist; they 
possess what may be described as a sort of phyleiic inertia. 

It has already been shown in Chapter XV, that the prevalence of a 
central stele in the axis of Vascular Plants is in direct accord with a 
strobiloid theory of the primitive shoot; and that the strictly cauline origin 
of the central region of the stele, and the insertion of the leaf'traces upon it 
with but slight disturbance, as seen especially in the smaller-leaved forms, 
are also features which harmonise with a strobiloid theory: the facts were 
held to suggest a primitive condition in which the axis was the dominant 
factor, and the appendages of subordinate importance^ This position 
receives additional support from the demonstration given above in 
Chapter XLII., that the axis is the first part to be structurally defined 
in the initiationi of the embryo. But it will be necessary further to 
show how far the Vascular structure of the larger-leaved types will accord 
with a strobiloid origin. The^ leading anatomical facts required for this 
are contained in the special descriptions of the several groups in Part IL ; 
they may now be drawn together into a short collective statement. 

By a general consensus of opinion, the non-medtillated monostele is 
recognised as the primitive slelar type, and it has been shown severally 
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ill the case of Lycopodiales (p. 337), Equiseules fp. 391), Sphenophyllales 
(p. 41 S), Ophioglossales (p. 464), and Kilicales (p. 646), how the stelar 
structure, however various, is uniformly referable in origin to the monostele: 
for it is seen in the yotmg plant either to show a solid xylem-core, or a 
medullated state not far removed from that condition. The frequent 
occurrence of a like structure even in the mature axis of the early fossils 
has also been shown : and from such observations it becomes apparent 
how fully justified the opinion is that for the various types of the 
Pteridophytes the non-medullated monostele was the original vascular 
structure in the axis. 

It will probably be objected that in many of the Pteridophytes the 
embryogeny does not bear this out; and that what is apparent, especially in 
the larger-leaved types, is that the vascular tissue of the shoot is initiated 
by a simple foliar strand, which descends from the first leaf continuously 
to the root, and in fact that the axial system is in its origin little more 
than a sympodium of leaf-traces. But before this objection is allowed to 
have weight the condition in the smaller leaved forms must be taken into 
account, and the question examined as a whole rather than from one aspect 
only. A comparison of those Lycopods, which are held to be relatively 
primitive* shows that the cauline stele is initiated in the first stages of the 
embryonic development ; this is seen with particular clearness in Fig. 
190 c, D, E of spimihsa^ where the tissue formative of the 

stele can be recognised as extending up to the broad apex of the axis 
before any foliar strand is initiated. The same is the case in Lycopodinm 
Phkgmaria (Fig, 185 c, d) and Z. annoHnum} and it is indicated also 
in the imperfectly known embryology of Z. S€iag^ (Fig. 1S3). In 
these plants the vascular condition from the very first establishment 
of the embryonic shoot is the same as In the continued embryogeny 
(compare Fig. 17^, p. 331): the stele is essentially cauline, and the 
foliar strands insert themselves upon its periphery. This appears to 
be the normal condition of small-leaved forms ; according to our 
hypothesis these are themselves primitive, and the result of a com- 
parison of the embryogeny in the two types would be that in largerdeaved 
forms the cotyledon bulks more largely at first; that the axis in the first 
instance is correlative ly reduced in si^e, and the cauline vascular core is 
reduced with it. But* nevertheless* the examination of the embryogeny 
has shown with constancy that the axis is pre-existent to all the other 
parts of the embryo* though it may often be correlatively reduced* or its 
development deferred where the cotyledon or the root is precociously 
developed. The same view will hold also for the constituent tissues of 
the axis, including the cauline vascular core. The condition where this 
xylem-core is present Is accordingly held to be the primitive slate of the 
embryo, that where it is reduced and even absent is held as the secondary 
and derivative. But even in the latter cases, the stelar tissue asserts 

* Bruchmann, ?L 4, Fip;, 1?, 



THE VASCULAR SKELETON 


6&7 


lUelf as the individual shoot develops : so that the absence of it in the 
young embryo is only an apparent condition secondarily due to correlative 
reduction* 

A protosteUc state viil functionally serve only a limited vegetative 
system- Starting from relatively small beginnmgSj as that system enlarges — 
either by continued growth of the axis and muliipllcaiion of small leaves, 
or by increase in size of a more limited number of larger leaves — the 
size of the stele becomes proportionally increased : and this may be seen to 
be the case either in the individual life, or It may be lllustraicd by com- 
parison of different related species or genera. Hut there Is a limit to the 
size which a solid protosteie may attain with functional advantage, and as 
a matter of fact when large size is approached the protosielic cliaracier Is 
sacrificed, and amplification begins, which may take several distinct forms. 
The simplest of these, as it is also the most genet 4!, is medullation. It 
is illustrated in many of the dendroid Lycopods. certain of the 

early species of Lipidodundron have a solid protest ele (Z. 

Lepidodendron lelaginoid^s (Fig- 176, p- 336) has the centre of Its stele 
composed of parenchyma and tracheides intermi^ied t others again, and 
especially later fjpecles, show a paretichymatous inedulla (Z. lidymurlu^ 
Fig, 174), derived by conversion of the central region of the wood into 
pith (Fig- 175). The result of a similar change is seen in Si^iihirhi^ but 
with a further progression to the breaking up of the ring of vylem sur- 
rounding the pith into separate strands (p. 337). This condition is very 
nearly approached in Lipidostrobm Brimmi (Fig. 175), and finds an 
interesting parallel also in the upper part of ll^e slmnt in Tmesipkri& 
(Fig. 234) : in the latter a sclerotic tissue takes the place of the pith in 
the lower regions of the axis, but is replaced by thin-walled tissue above- 
Such cases prepare the way for the view of the stelar structure adojjted 
above for KquhHtiM (pp. 386-39^^)1 ^be condition there seen appears to 
be the reault of carrying the medullation {>f the stele to an, extreme. 
Turning to the larger-leaved forms, the condition seen in the Opliio- 
glossaceae (p. 459) may be referred in origin to a ceniroxylic protostele; 
it appears in fact as a meduHated iiionostele with opening of the xylem 
at departure of the leaf-traces, lastly, the series of Osnumdaceous fossils 
described by Kidston and Gwynne-Vaughan {p. 5,19) shows most convincingly 
how their vascular structure is also referable in first instance to the 
medullation of a protostele, with ultimate breaking of continuity of the 
xylem-rmg* It is thu^ seen that m a number of Pteridojjliyics, and probably 
along quite distinct pbyletic lines, a progression may be traced from a 
primitive protostele to a state of medullation, and in some cases even to 
the disintegration of the remaining xylem-ring into distinct strands, lliis 
progression may even be followed in the successive stages of the Individual 
life, which are accordingly lield as further evidence of the phykllc story. 

Another modificatton of the protostele, which probably has an importance 
in interrupting the continuity of an enlarging mass of xylem, is seen in 
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the modern Lycopods, but U is quite different in origin from medtillatioii* 
Intrusive bands of phloem invade somewhat irregularly the central xylem^ 
giving it sometimes the form of a fluted column, or of a series of 
plates connected at intervals, or of a continuous xylem-sponge (Fig. rji, 
p. 329). Such conditions, which are characteristic of modern Lycopods, 
are probably secondary derivatives of the simple protostele, since they are 
absent in the early fossils, as well as in the early condition of the plants 
that show them when adult. 

A somewhat similar intrusion of tissues from without leads, in many 
Ferns, to the condition which is described as the solenostelic. But here 
it is regularly at the point just above the exit of the foliar strands from the 
stele that the intrusive tissues enter; it thus comes about that phloem 
and endodertnis and ground parenchyma come to occupy continuously 
the centre of the stele* which accordingly takes the form of a hollow 
lube, with openings opposite each leaf-base (Figs. 95* 91 > loo)- This 
formation of a solenostele has probably occurred along more than one 

pbyletic line, and It lies at the base of those complex types of dictyostelic 
structure of the stem seen in Leptosporangiate Ferns. These follow upon 
the overlapping of the foliar gaps, which results in dictyostely formerly 
described as a polystelic state (p. igo)* A similar condition in some 

species of Seiaguteiia^ though phyletically quite distinct, shows interesting 
analogies ; but its origin appears to be in relation to the departure of 

supplies to axes, not to leaves; these are* however, referable also by origin 

to a primitive monostelic structure. 

Still further complications occur in certain Ferns which are associated 
with the formation of accessory vascular tracts; these arise in relation to the 
foliar gaps as described on pp. 600, and lead to a doubling or even 
trebling of the solenostele (Figs. 319, 342), or accessory strands may arise 
in pith or cortex (Fig. 339). The condition of the modern Marattiaceae 
and of the fossil may also be mentioned as extreme cases of 

complexity of vascular structure based probably on a scheme allied to 
those above noted (p, 525). Into these details It is not necessary to enter 
further here, they concern us chiefly as illustrating some of the extreme 
methods of amplification of the vascular system seen in the axes of 
Pteridophytes* 

In some degree parallel with this progressive dilatation and disintegration 
of the stele goes also the disintegration of the foliar trace. In all the 
smaller-leaved, and in many of the larger-leaved forms, the leaf-trace consists 
of a single strand ; in the Lycopodiales this is uniformly so, with exception 
of certain Sigiilarias described by Kidston.^ It is a single strand also in 
and in the K^uistiaiss. In the Sphenophy Hales and Ophio- 
glossales (except %Ophwdtrma, and perhaps % CMr<^giossa\ the leaf-trace 
comes off always as a single strand, but branches frequently while still 

^ Pr^. Poy. Edin^, vol. xxvit., part iii,, p. 203. 

^ -Studies^ li** Fig. 105, 
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wthin the cortex giving sometimes a median bundle 

{Ophkgl&ssufn\ sometimes a paired trace (BodyMim). Atl iha more 
primitive types of Ferns, including the fossil FmnmittSy have a single 
more or less horseshoe shaped trace; but the modern Marattiaccae and 
the bulk of the Poiypodiaceous Ferns have a trace composed of many 
strands: these are, however, arranged in series corresponding to the 
horseshoe outline of the undivided trace. The facts indicate with no 
possible uncertainty that there has been a dis integral ion of the leaf-trace 
by fission : it finds its origin in branching of the strands in an enlarged 
upper region of the leafj and has been phyletically prngressii‘e from a region 
lying above towards the base. A comparison of Fig. 97 wdll make this clear ; 
leaf-traces are there shown each of w-hich consists at the base of a broad 
strap-shaped strand : this breaks up distally into numerous strands, But in 
Cyafheay which is structurally a more advanced t3'pe, the breaking up has 
been continued dowm to the base, and the leaf trace comes off initially as 
numerous separate strands (Fig. 337), fhe same has probably happened 
in the modern Marattiaceae as compared with Fsarfi/ihis \ hi mo.st Mixtae 
as compared with the Gradatae (p. ^48), and in the section Ophifid^rma as 
compared with Euophioglossum (p. 46?). Thus in several distinct phyla 
it is shown that a progressive disintegration of the Icaftracc has been 
effective; and goes ahvays with leaf-enlargement just as di sin Leg rat ion of 
the axial stele has fotlow-ed on expansion of the axis. But In both cases 
the enlargement has phyletically preceded the consei[Qeni disintegration.' 

The present interest in these complex structures in axis and leaf-stalk 
does not lie In their detailed study, so much as in tlie fact that in all 
cases they appear only in the plant when advanced towards full develop- 
ment In the young seedling a stelar structure, little removed from or. In 
most cases, actually showing a protostelic state, is constantly found ; and 
from it the various steps may be traced to the more complex condition. 
So far as the development of the individual can be held to reflect the 

^ Til Certain Pleridosperms and GyiTiHOS(jerj:ns a leaf trace lifl-S- iK-en foiini] to Ijc 

prevalent, and it liai liecn suggested ihat h finds its <jrp(jin die bifiirraiion of ilie Leaf. 
Arguments based on the existence nf a double leafarnce have recently lieen extended lu 
Flowering Plants (Miss Thomas, Ni'iv 1907^ P 77 )^ h is no! firoponed here to 

criticise those arguments, but merely to ] joint out from tlie sitdL- of (lie Pieritlophyia that 
there is no consunt relation between foliar dieliotoiiiy and a double keif 'trace. In 
Kidslon {Free. A\S\t Fdin,* voh Ksvil,, p. 20 j) has sliown ilmi the double leaf trace, 
already recognised by Ucnault, exists in a leaf of sinipleToniv; <»n tlie other haml, the 
bifuicate sporaphyll of Imnip/iriJ has only a simple Iwd-traee, Ji; the OpliioglosKnceat, 
Ettophioglosium and flthninth&iUiihyi have a simple le.ablrace, which suon bjanches, 
BotryeMum has a double leaf-tree, Ophi&dcrma a trace of several strands, not arrangtMl 
jn any binary scheme {Ann. of Btd,, xSx., PI. kv., Figs. 6-29). Lastly, in many prim itivc 
Ferns, where dicholotnotis and other branching of the leaf is prevalent, the leaf-tra™ is a 
single strand. Such facts suggest the jjfupriety of extreme caution in applying argiimetUs 
based on the vascular structure at the base of the leaf- It would seem not itn probable that 
a double leaf-trace might appear in any broad flattened oilman which is bilaterally syiu- 
metrical, whether branched or not. This ntay very well have been the cane in Kigdlarh* 
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evolution of the racSj the evidence is quite clear : it indicates that the 
large-leaved forms, in which solenostelic or dietyostelic structure ruleSj 
originated from a smaller-leaved ancestry, with protostelic structure and a 
single strand of the leaf-trace. This is in full accord with probability, 
according to the antillietic theory of origin of the leafy sporophyte; for on 
that theory smaller-leaved would necessarily have preceded larger-leaved 
types. ^ 

Another mode of amplification of the stele, which often accompanies 
the first but is iiot necessarily associated with it, is by secondary thiclcening, 
"I'he stem of SpheM 9 phyilHm ^Fig. 217), and of L&fitdMendron 
are examples of how a secondary development of vascular tissue may 
surround a solid protosiele : this shows that medullation does not neces- 
sarily precede secondary thickenings but commonly the secondary thickening 
occurs where medullation is present : and indeed in .some cases the two 
are in a sense complimentary, the secondary vascular tissue taking the 
place functionally of the primary tissue reduced by medullation ; this is 
exemplified in the Calamarians (Fig. 225) and in Si^lhiriup as also in 
some forms of and it is seen with special clearness in Lygino- 

dendrifity Poroxyhn^ etc. In other types stiuctu rally more advanced, the 
secondary development may be held to have completely replaced the 
centripetal wood of the original stele^ 

The distribution of secondar)- vascular development among the Pteri- 
dophyta indicates clearly that it is a phylctic afterthought, originated in 
relatioi'L to the increasing size of the vegetative system consequent upon 
continued apical growth, repeated branching, and leaf-enlargement, either 
separate or in combination^ Enlargement of the primary stele, with or 
without attendant medullation, may meet the demand In some degree; 
but it is a fixed and limited scheme compared with that of secondary 
thickening, which is capable of increasing the conducting tract in proportion 
to the demands In some cases, however, it appears that a phyletic decrease 
of the secondary development has occurred, and it is probable that the 
feeble cambial activity in the nodes ,of and locally in the 

Psilotaceae may be vestigial remains of a more active increase in their 
predecessors, allied respectively to the ancient Calamarians and Sphenophylls. 

^This is, howevtr, cjuke contrary to the opinions of Dr, Jeffrey, who haids titat tlie 
large-leaved ard sinalMeavcd stocks were separate back to the beginninE of the j>efwd 
when the palaeontological recorti begins." This view would recognise no trausicion fiotn 
the structure characLeristic of the smaller-leaved forins {cladosiphonic} to that characteristic 
of the larger- lea ve^l iphyllosi phonic). Eut, as a. matter of fact, this can be demonstrated 
Eo have ocenned iri the individual life of Ferns, and probably It has occurred also in other 
forms in the passage from small- lea %'ed youth to large-leaved maturity. It has been 
pointed out repeatedly in Part II. how cladosi phony is the anatomical expression of the 
dominance of as is, phyllosiphony that of the leaf in the shoot : and the balance may 
be altered in the individual life. (See Jeffrey, /"AiV. Truns,^ 1903, voL J95, p. 144. J 

^ Kidslon, Fr 6 €^ Edin., 1906-7, p. 208, 

® Scott, Studies^ Figs. 77-7S. Vifr-, p. 234. 
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It is naturally the primary developments, ho^vever, ^vhich are of im- 
portance in the present comparisons ; and sufficient has beei’i said to show 
that the anatomical evidence, combined with that from embryology, has 
a very direct bearing on the theory of the strobilns. The uniform reference 
of the stelar structure to a protostele, and the actual existence of this 
structure in the young seedlings of the most diverse ty|>es, points clearly 

to its early existence ii:t the race. Its continuity up to the apex of the 

axis in the more primitive of the living, small-leaved types is a further 
fact of importance: while the attachment of tlie foliar traces to the outer 
surface of the cauline core indicates not only the priority of the latter, 
but also the subsidiary character of the former. Lastly, the correlative 
reduction of the axis in the embryos of the larger-leaved formSj consequent on 
their precocious development of the first leaf accounts on well-known prin- 
ciples for their structure : it explains the fact that in them the evidence of 
early existence of the cauline core is not so prominent as it is in the 

smallerdeaved forms, which are on our hypothesis the nearer to an 

original type. The general conclusion from comparative study of the 
vascular skeleton, combined with the facts of en^hryogeny, will therefore 
be that It supports the priority of the axis over the leaf : it shows that 
the axis was from the first traversed by a conducting core\ upon which 
the conducting strands of the leaves became attached. Hut that both the 
stele and the leaf-trace were susceptible of amplification and disintegra- 
tion as a consequence of the enlargement of axis and leaf, and of the 
increasing proportional influence of the latter : in fact, the leaf in certain 
forms became at last the dominating feature of the shoot, and conse- 
quently Its influence also controlled the internal vascular structure of the 
whole shoot, "^rhis condition^ which is that characteristic of those forms 
which have been designated " phyllosiphonic/' is believed to have been 
of secondary origin, and the structural progress shown in the individual 
life would appear to indicate with special clearness that it was so. 


CHAPTER XLV. 


THE SPORE PRODUCING MEMBERS. 

So far only the vegetative organs have been considered in this summary 
of results’ the reason for this is that they appear the first in the individual 
life of Vascular Plants, and it is only after the vegetative system of the 
sporophyte has been established that spore-production supervenes. The 
relation of the sterile to the fertile region from the point of view of 
descent has, however, been discussed at length in Chapter Xlll. i the 
conclusion was there reached that in vascular plants the sterile 
tract, which is prior in the individual life, is itself from the evolutionary 
point of view, the consequence of a secondary change, since the foliage 
leaves are themselves held to be sterilised sporophylls. In Chapter XIV. 
it was further concluded (p. iS6) that there existed initially only one 
type of leaf— the sporophyll, and that even the protophylls are the 
result of their transformation. Moreover, justification for this is found 
in the positive fact that spore-production occurs very early in certain 
plants (Ophioglossaceae and some Ly copods), while in Lygodium suhaiaium 
the extreme condition was actually observed by Prantl, viz. that the 
primordial leaves are themselves fertile sporophylls. With these facts, and 
this general conclusion before us, we may now proceed to consider the 
morphology of the spore-producing rnenibers and their relation to the 
other parts of the shoot. 

On an antithetic theory of origin of the sporophyie we contemplate 
an initial condition of a simple body having a coherent group of spore- 
mother-cells, provided, in fact, with a simple spore-sac, The Bryophytes, 
with their concrete archesporium, retain this slate even in their more 
advanced forms ; but the Vascular Plants, with their discrete .sporangia, 
have diverged from it very widely. The two types of construction are 
not connected by any living intermediate links, nor is there any direct 
proof that the one type is phyletically related to the other. But both 
provide evidence suggestive of how a segregation of spore-mother-cells 
into distinct sporogenous masses, such as appear in the separate sporangia, 
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may have come about. In Chapter VI which deals wiili slciili.saoou, 
examples have been brought forward showing how widesj^rrad is tl^e 
conversion of individual cells^ and even tracts of tissue from the ferdlc 
to the sterile state, and that in some cases septation of spore sacs has 
actually been the result. It was concluded (p. 102) that plants show 
not uncommonly to-day such a conversion of cells from the propagative 
to the vegetative state as the antithetic tliieory ^vouki demand J^urihei, 
in Chapter VIIL (p. tia) it was shown that commonly the archesporimu 
of Vascular Plants is not strictly circumscribed, but that the sporogcnoiis 
groups have often ragged edges 2 this suggests on the basis of structure 
that each fertile tract is a residuum left by advancing sterilisation ; in 
fact^ the sporangia may in the simpler cases be regaided as islands of 
fertile tissue which have retained their spore-producing character. In 
Chapter XL (p. r^o)^ on the theory of the strobilus^ it was' sho^vii how 
the disposition of the parts in some of the simplest Ptcridophj tes suggestsi 
as a prototypCj prevalent though perlvaps not general, an uprightj radial, 
strobiloid structure, consisting of a predominant axis showing continued 
apical growth, and bearing relatively small and simple append tiges formed 
from it by enation. Associated with these are sporangia each containing 
os its essential feature an island of fertile tissue. It is im[>ossiblc kj 
bring proof how a simple strobilus such as this actually originated ; but 
it can be claimed that all the structural and developmental fact^ 
described in Part II. accord readily with a theory of origin by scpiation 
from a continuous spore-sac and enation of appendages. ^50 also is 
physiological probability, for the sporangial types arc better htted for the 
mechanical protection, the nuiritionj and the dispersal of the luimerous 
spores than those wdth the non-septate sac : aitd ii’t homosporous forms, 
which all the most primitive types were, the larger the number of germs 
the greater the probability of survival and of spread. 

Passing, however, from such hypotheses, which are not susceptible of 
actual proof under present conditions, to mailers of direct observation, a com- 
parison of the fertile shoots of all the known homosporous Pterithiphytes 
shows them to be composed of three constituent f>arts : (i) the ax/s, which 
the embryological comparison as well as the fat^is of development in 
the growing shoot have shown to be the pre-existing prt ; (li) I ho 
or ^porophylh, which are appendages produced by oulgrowllv from the pre- 
existent axis I and (iii) the under which gunerul 

term are included spraugia and sponingiophorcs, with iheir phyletic products. 
These may be inserted either on the axis or on ihe ,s|jorophjll. It is 
believed that (ii) and (lii), though they slio^v commonly a local rcladoti to 
one another, have actually been distinct organs tbroiighoLit descent : neither 
has been the result of metamorphosis of the other. In further support o 
this it will be shown that they do not bear any obligatory relation to 
another: either may exist without the other: while eiliier may show ission 
independently of the other, though in some forms both are ahke m nhh- 
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In point of the positions which they hold on the shoot the two types of 
spore-producing members, the sporangia and sporangiophores, show some 
degree of uniformity : lo either case the insertion may be directly upon 
tlie axis or in the axil of the sporophyll, or they may be inserted further 
outwards upon the surface of the sporophyll. Leaving for the moment 
the Ferns on one side, illustrations may he taken from the slrobiloid 
types. As regards the simple sporangia, these may originate from the 
axis quite apart from the subtending leaf, as in Sehigindia (Fig, 360 a): in 
Lycopodia m the sporangium arises from the upper surface of the leaf close to 
its base (Fig. 36013, c) ; but in Spcnceri/cs it Is borne at a point far removed 
from the leaf-base, though otherwise in accordance witli the Lycopod-type 
{^^6- 3^*^ Similarly with the sporanglophores* the insertion may be 



Fig. 

nia.prfLFn!; 3 1 (he varying p<]hii(Lc^nii rci-pcctively $naraTig'ia (Liiipyr rcnv} aiij 

or !i^3Kinf;]Ci|3liore« (\owct row). It is M^cn thaL a naralldiim CKhif.. Fcir deiails 

on the axis or on the sporophyll, but they show rather more latitude of 
detail : thus in Kquh^lum and in the ancient Archaeocuiomiki they are 
sealed upon the axis, showing no association with bract-leaves (Fig. 360 e): 
or in Calam&stachys whorls of bracts may intervene between the successive 
whorls of sporangiophores, but without individually subtending them (Fig- 
360 r) i or the sporangiophore may, possibly by a secondary displacement, be 
apparently axillary, as in PalaeosiQchya (Fig. 3600): or, again, the sporangio- 
phore may arise from the upper surface of a sporophyll, in which case it 
necessarily has a subtending position, as in the Psilotaceae (Fig* 3601): 
a similar position is seen in Sphenopkyilum majus (Fig. 360 h), but 
in other species of the genus there are more complex arrange ments 
probably resulting from fission J From such examples as these it appears 

^ Scott iTitniions. a. Specie^ f 5 . which appears to have borne its sporsuigio- 

phores separately^ SO that they “have left their own distinct scars on the asis above 
the bracteal node" {Progressus^ 1 . p. 153). This arranigcnient closely approaches that 
of PakeesfachyAj or of Caiamosiaehys, 
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that the spote-producing members, whether &]>oraivgia or spomngiophores, 
have been susceptible of considerable differences of position in the radial 
plane, and that in this the sporangia show a parallelism w^th the sporangio- 
phores which it is important to recognise in parts which are identical in 
their function. 

The position of the leaves relatively to the spore-procUicing members 
in strobiloid forms is usually, but not consEantl}; a subtending one ^ there 
is reason to believe that a constant relation was a ii.sual condition in 
primitive forms, while the exceptions may be held to be secondary in their 
origin. In the Lycopodiales the subtending relation of leaf to sporangium is 



Frc;. 


brads, and tltc results (rf ifeh|>«tiMe h^biow. as hccii nt 
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constant (Fig, 361 a, is, c), as it is also in those of Sphcnophyllales wliercver 
there is a single sporangiophore to each bract-leaf (Mg, 361 i>, k, j), but 
it Is departed from in tho.se cases where more than one is associated 
with each bract D^atpss/ii, Roateri^ p. 402, Mg, 361 ji). I he con 
dition seen in Omroiirobus strongly suggests chorisis of both bract and 
sporangiophore (Fig, 361 st), and their mode of insertion upon tlie bract- 
whorl in other species of Sphenophylhim above (|UOted mdicates it as 
probable that some similar chorisis of the sporanglophores las cen 
effective in them also (Fig. 361;)- the Equisetalcs the re ation is 
generally less exact : it seems still uncertain whether or not tic sporanyo 
phores v^ere actually subtended by the bracts in I ^ 

361 in Calamosiachys they may be somew'hat irregularly subtended by 

^ *Se 4 Hickling, U., p|> 17^* 57V- 
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two (Fig. 36 j g)j or by three bract-leaves (Fig. 361 h) : or in Archfu^- 
caiamiks and Eqmseium ilie sporangiophores may be borne quite inde- 
pendently of any braciSn It thus appears that the most usual condition 
is clearly that where the bract subtends the spore ■producing ineinber, 
whether sporangium or sporangiophore ; but this arrangement is liable to 
be disturbed by cborisis of either bract or sporangiophore* or by the 
entire absence of the bract. 

These presumable fissions, which comparison indicates as having 
occurred in both sterile and fertile parts, deserve attention : it appears 
that they may affect either class of parts separately or both together. 
In the simple condition of the Lycopodiales fissions of the appendages 
are very rare \ but examples have been recorded where two sporangia 
appear side by side in Lyeopodltim^ and an occasional case of a bifid 
protophyll has been observed in the young plant of lycopi^dium and 
of PM'/iffgiossfim but these characters have never become permanent 
for any race of L3'copods+ In the Equisetales the result of fission is seen 
frequently in the bracts (Fig. 361 c, h), though not in the sporangiophores 
of the ancient types ; but in the modern genus Equhtium fission of 
sporangiophores appears to have been effective. An examination of the 
very nunierous sporangiophores of Equisetum ntdximum shows frequent 
cohesion of their stalks, while a comparison of the simpler species, such 
as h, palmlre and of the Calamarians^ leaves little doubt that with 
enlargement fission of the appendages has occurred (Fig. 195). Forking 
is a marked feature of the leaves in the Sp hen ophyll ales (Fig. 361 i)j but 
not necessarily accompanied by fission of the sporangiophore. In some 
forms, but not in alb there is^ how’everj such a collocation of the sporangio- 
phores, in number and position as well as in vascular connection, as would 
indicate that an increase by fission has occurred to produce them \ but 
this may occur independently of any fission of the bract (Fig. 361 j). In the 
very complex cone of CMrosir&btis it is highly probable that fission has 
been effective in both parts* as the vascular connections appear to indicate 
(Fig. 361 k). Lastly, the branching of leaf and spike, described at length 
for the Ophioglossaceae (pp. 435-439), can best be understood as the 
consequence of similar progressive fissions (Fig. 361 l, ri* n). It thus 
appears that fission has probably been a frequent feature in producing 
the condition of the appendages in the strobili actually observed in the 
more complex sporangiophoric types* and that such fission may occur 
independently in either sporopbylls or spore-producing members, or 
coincidently in both. On the other hand, the condition usual in the 
Lycopods may be regarded as a type which has remained on the simpler 
basis without fission. ^ 

^/ffina/s of Biftany, vol. svii., p. 2^3, 

“Treub* Atm. Jard. vol. viiL^ laf, v., fig. a a. 

5 By ihe lenn “fission,’' as here usfld, is to bt understood a chorisis which dates 
from iho initiation of the primoidium : the fission is not a brttichlng of a piart which Is 
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The recognition of the spore-producing members as a categoiv of 
parts, probably distinct in origin from the bracts, though ofleii supported 
on them, having a uniform function, and showing, whether as simple 
sporangia or as sporangiophores, similarities of position, raises the question 
whether the two types of spore-producing members are genetically connected ; 
it Is necessary to enquire whether there is any structural indication of an 
evolutionary progression having taken place from the simple sporangia! 
sac to a septate state, and thus of the origination of the stalked sfjorangio^ 
phore with vascular supply from the single sporangium- In the first 
instance It is to be recognised that such a progression cannot rightly 
be negatived on a priori grounds ; for it has been shown that septaticn 
of sporangia has occurred in well-authenticated cases (p. 120), while 
biological probability would favour such amplification in homospofous 
forms (p. in). The structural evidence showing that septatioii has taken 
place may be derived both from the septate and from the non-sept ate forms, 
but no consecutive demonstration is to be obtained from comparison of the 
representatives of any one phylum. On the one hand the occurrence of 
sterile cells and tissue-tracts has been described at lengtli in simple 
sporangia, and it is specially worthy of note that it is in the largest 
of them {Isotk^^ p, ^rS, I^pido^irobus, p, 3J3) that the nearest approach 
to a septate state is found : in tlie mega sporangium of hoi’ks the 
sporangium is technically septate, for each spore mother-cell may be 
completely partitioned off by tracts of sterile tissue (I'ig- 320). Such a 
condition, which only appears relatively late in the individual developiuent 
of hmUs, is comparable with that of a young synangiimi of Equhtium 
or of Kciuifutsia} inasmuch as in these also the ardiesporial cells are 
found isolated in sterile tissue (Fig^ 206 a) : the fact that the condi- 
tion of isolation is seen earlier in tlie itidividual development of these 
sporangiophores is In complete accord with their greater morphological 
advance: a less advanced state is, however, seen in Tnasipiern (Idg. 23013), 
in which the septum and sporogenous groups are at first indistinguishable 
from one another, but differentiate after the tissue has attained a consider- 
able bulk. If the individual development be rightly held as an indication 
of the evolutionary progression in the race, then the sporaitgiophoie 
in the cases quoted would find its evolutionary prototype in larger 
non-septate sporangia, such as those seen in the Lycopods, from which 
the condition In Tnmipteris would be less far advanced tfian that of 
K^uis^tum or of Such a comparison comes with special 

force in those cases where, as in the Psiloiaceae and Spheiiophylls, tlie 
position of the sporang Soph ore is identical with that ot the Ly copod 
sporangium. 

already csislent in iKe individual, but snhsdituibn uf Oio wirurt^ iniibikm 

in place of vne, while their near prosiinicy mjiy lead \u a. iiiur^ Icni couiiimn 
upgrowth with consequent cohesion ni the tiasv, 

^ Shirks, ill. pi. viii. , and Fig- 37. 
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JJut the objection may be raised tirat the vascular supply has also to 
be accounted for. It is a general cNperience in the plant-body that vascular 
development follows demand : and many examples might be quoted both 
from vegetative and , propagative organs. It appears that similarly a 
vascular supply extended into the synangium ; a first indication of such a 
development is .'leen occasionally in the sporangia of Lycopodium (Fig. 16 1), 
while it is a common feature in the megasporangia of Seed-Plants. Thus 
any objection to a theory of origin of the sporangiophore by a process of 
se]jtation and outgrowth on the ground of the presence of vascular tissue 
does not appear to be valid. Moreover, such vascular extension is seen 
in less full development in those sporangiophores where the sporangia are 
obliquely erect and synangial, as in the Psilotaceae, Kouifusda, and 
Piyckocarpus (Fig. 28S), but further developed where they are inverted 
and separate, as in the Equisetales It has already been argued that the 
former are the less advanced, and those vvitl’i separate and inverted 
sporangia the more advanced types (pp. 426-7). 

It is thus seen that there is' coincidence between sporangia and 
sporangiophores in their leading function of spore-production : that there is 
commonly a similarity of position of the two : that either may undergo fission 
independently of the subtending bract* that in certain sporangia there are 
indications of f>artial septation* and occasionally a technically complete 
septEition : also that the facts of development of the synangial sporangio- 
phores harmonise in varying degree with a theory of origin from a non- 
septa te sporangial sac. T he conclusion therefore seems justified that they 
are essentially comparable parts, the one being the simpler, the other the 
more complex terms of a category of ph3^1etically uniform organs^^ That 
the non-septate sporangium was the more primitive there can be little 
doubt. So far as palaeontological evidence bears upon the question, 
I-iy copod inous types with their non-septate sporangia appear to have been 
fully as early as any of the more elaborate forms. 

lurning now to the Ferns, which had been temporarily put aside while 
discussing the strobiloid types. It has been accepted as probable that the 
soral condition was the original state in Ferns* and the non-soral 
derivative (p. 633), while it was left an open question whether the sori 
were originally marginal or superficial in their position upon the 
sporophyll (p. 634)^ L has also been pointed out how close the structural 
similarity Is between certain synangial sori and the sporangiophores of the 
smaller- leaved types (pp. 15^? 5 ^ 4 )- L may have been the fact that this 
striking similarity was a result of parallel development, but still It would 
appear probable that the evolutionary progressions which produced them 
were of a like kind, There is ample evidence also of hssion of sori In 
Ferns (pp. 5ti, 555, 620), essentially like that of the sporangiophores of 
the strobiloid types. It would therefore appear probable that the condition 

The designation of spytungiophores .as ventral or other Jobes of the sporophyll bs® 
been objected tu on a previous page* and reasons given for its rejection {p, 426)- 
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seen in Ferns is similar in kind to that of strobiloid typest but modified 
in accordance with the gre.it amplifKadon of the sporophylb iviih its 
continued apical growth and often profuse branching i this was accom- 
panied by increase in number of the sporangiophores (sori), fissioii being 
one prominent source of that increase, and also b}' a tendency for the 

sorus to diffuse itself as scattered sporangia over the enlarged surface, 

producing thus the non-soral state as a secondary condition : inorenvcr, 
the position of the sort shows frequent tendency towards the louver leaf- 
surface. From this point of view the Fern-type does not stand apart 
from the rest in the essentials of its morphology, hut only m the fact 

that it has proceeded to a larger-leaved state, and that this has brought 

with it secondary changes of the spore-producing members. 

There is a considerable bulk of evidence to show that, a|>art from 
fissions, the sorus or sporangiophore has also been capable of cn tension 
in the course of descent ; this is to be found in certain points of structure 
which have not been satisfactorily accounted for on any other footing^ 
It has beeti noted that in the fossil Fquisetales the number of sporangia 
on each sporangiophore is commonly four (p. 4^5)' modern 

Equiseta have usually more. In the Psilotaceae and Sphenophylleae the 
number may be from one to six, the lowest number being prol^abl)" in 
some cases due to reduction : thus fluctuating numbers are a common 
feature in the simpler types. In the Ophioglossaceae the fluctuatit>ns are 
within wider limits, and the larger numbers of sporangia are associated 
With an apical growth of the sporangiophore, which is either of ^cry short 
duration or entirely absent in other cases. 1 he result is in 
the elongated spike, with its lateral rows of sporangia paititioned some- 
times imperfectly from one another (Fig* 361 l ). Ihc structure bespeaks 
a progressive condition in which septation has played a leading ixirt 
(p. 404)* In BUry€hmm, profuse branching parallel to that of the 
sterile leaf, occurred, and It is very closely related wiih septation of the 
individually projecting sporangia (p. 454) i nflmmihosiadtys 

the TOWS of sporangia of Ophwghsium are replaced by dense ranks o 
sporanglophores (pp. 455, 485), origin is believed to have been 

virtually a repetition of that process of septation and upgrovitli a ove 
recognised in the origin of the sporangiophore from a simple sporangium 
(Fig. 361 n). All these amplifications of the sporangiophore are consistent 
with physiological probabilityt as shoivn in Chapter XXXI. 

In the Ferns also similar e^iension of the sporangiophore (or sorus) 
is seen, but it has taken a diiferent form in accordance with the e.vp.itision 
of the leaf-surface to which it remains' attached. It is exemplified m the 
simplest form in the Marattiaceae, in which the structural condition t> 
seems plainly to be the result of elongation and progressive septation 

of a sorus of the same type as that of (E ig. 37^ ''D ™ 

partial septations are themselves specially convincing evidence of how^ the 
highly septate state has been acquired (p. S^S). The progression has 
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been similar to, though phyletically quite independent of, that in Ophio- 
ghiutm ; and the results are, in the former an elongated sorus attached 
to the leaf-surface, in the latter an elongated sporangiophore which is 
attached to tlie sporophyll only at its base. In many other Ferns there 
is evidence of amplification of the soii, whether by intercalary elongation 
of the receptacle and a basipetal succession of sporangia, as in the Gradatae, 
oi b) marginal e^;tens]on, as in tfie Ltind^^aya^Pfins series, or by superficial 
spread SO as to produce tlie condlitioris seen in Gjmnogramme^ Acr^sfkhuni^ 
Or Philycerwm : associated w'ith tliese is tl^e profuse interpolation of new 
spornangia characteristic of the Mistae, It is thus possible to picture how 
even the most complex and divergent types of spore-production in large- 
leaved forms may be referred back in their ultimate origin lo elementary 
types, and to recognise how they conform to that general scheme of 
construction which obtains among the simpler strobiloid Pteridophytes. 

It lemains to consider tire distribution of the spore-producing members 
on tbe plant as a wholen We have recognised the shoot O'r primitive 
strobilus as composed of (i) axis, (ii) leaves or bracts, and (lii) spore- 
producing members. It has also been seen to be probable that originaliy 
all the leaves were sporophylls. The primitive shoot appears to have been 
a geneial-purposes shoot, in which vegetative and propagative regions were 
not segiegatedn But it is evident that two other conditions are possiblOi 
that is a shoot bearing (ii) alone, and one bearing (iii) alone j both of 
these States are known in living forms, and both may be held to be 
secondary and derivative. 

I he former case, where leaves without spore -producing members are 
present, is b} far the commoner condition of the tw^o, and it appears 
in the early stage of the ontogeny in almost all Vascular Plants. But it 
also appears in successive intermediate Atones higher up in various plants, 
and notably in Lycopodium Sdago, from which it is called the ''Selago" 
condition (Frontispiece) (Chapter Xni^)^ It has been shown that this 
Condition would result from abortion of the spore-producing members, and 
the fact that this has taken place is clearly indicated by the occurrence 
of imperfect sporangia about the limits of the region which has remained 
fertile (p. 162). The converse evidence, that in certain cases (X. 
Jdotrychium^ and OpkioglossunC^ the spore-producing members appear very 
early in the individual life, and that in Lygodium tubalainm the very 
first leaf may be fertile, further strengthens the view that the whole plant 
was originally fertile (p, jS 6), arid that the sterile regions, whether basal or 
intermediate, are so by abortion of the spo re-producing members. 

The second case above mentioned, in which spore- producing members 
are present but no leaves, is less common ; it is seen in Archagoca/itmiks 
and in the modern Mquissiu^nt It has been argued at length above 
^PP- and p. 42 y} that the leaves and sporangiophores in these 

plants are parts of distinct nature and origin, and that the condition of 
their st rob ill is due to abortion of the leaves, of which in Mguisstuui the 
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annulus is the last representative. A some\vhat similar contlitir^i ajjjie.ii’i 
in Ophiogi&ssum simplex^ where the spike is present, latE tlie snhtendinj^ 
leaf absent (p- 441); in both cases the strLiciure seen appears to he based 
upon the persistence of the sporangiophorcj whik the kaf h ai^rjrtive- in 
facb the converse of the process which brings the “Selago” condition 
into existence. 

There remain, however, certain instances where the distinctioi^ beiwcen 
the leaf and the spore-producing members appears to break down, an(\ 
middle forms appear with the characters of leaves bearing sporangia ; ttie 
annulus of Eguis€tum sometimes bears sporangia, grouped as upon mal’ 
formed sporangiophores (p. 3S3) ; or sporangia may appear upon the sterile 
leaf of B^iryihtum (Fig. 242, p. 443); or, as in Hph^nophylhuu fcrtik 
(p. 404), the bract bears sporangia as well as the sporangiophore which 
it subtends. I do not think that these occasional e\ceptions suffice to 
prove that leaves and sporangiophores belong to the same category of 
parts, any more than the substitution of a foliage leaf for an ovule, in 
certain well-known cases, proves that the ovule is really an organ of ihc 
same category as the leaf. What they really appear to show is, that in 
certain cases a primordium is not alwaj's of clearly defined charactei at 
its initiation, and consequently that the characters pertaining to members 
of distinct category may occasionally be intermingled. Accordingly, not- 
withstanding the exceptions quoted, the distinction of leaves eilkI sporangio- 
phores may be upheld for the early forms of Pteridophytes. 

It thus appears that tire whole plant-body, as seen in the sini|jier 
Vascular Plants, is referable to the simple shoot or strobilus, of radial 
construction, as a unitj that it consisted, in its most primitive form, ol 
an unbranched axis, simple leaves, and unilocular spore-producing members, 
all of which were distinct in their character and in their phyletic origin, 
arid none the result of metamorphosis of another part ^ that the whole 
plant-body of the known Fieri dophytes may be regarded as derived fioni 
some such simple source, by continued apical growth, and terminal aiu 
adventitious branching of the axis, and by branchings and fissions o l ie 
appendages \ by adoption of a dorsiveivtral in [jlace of the primitive ra li 
habit; by abortion of certain of the spore-producing members, wluct 
differentiated the sterile regions from those which remained fertile; and 
in these sometimes by abortion of the leaves themselves, thus teaming t ic 
spore-pTOdudng members as the sole appendages. Kuch an oiigin is u y 
in accord with the details of individual devdopment 3 for the ontogeny 
often demonstrates those very progressions from the simpler to the moi^t 
complex state which the phyleiic development of tlie more eki lorate orms 

from so simple a source would require . 

Combining the results which thus follow from the detaded examination 
of Vascular Plants with the conclusions from comparison of the liryophyles, 
there appears to be very strong support for our genera t eory o 
origin of the sporophyte, as the essential constituent of t e ora 0 
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Land. The theory presupposes in the first instance po^t sexual complica^ 
tionu involving reduction ; by deferring that event through sterilisation 
of individual cclU, a neutral cell-group is established: this shows con- 
tinued growth^ and farther progressive sterilisation as it is seen exemplified 
in the Bryophytes, and leading to their complete state with a vegetative 
system of considerable extent and a concrete fertile tissue. Such 
sterilisation of individual cells or cell-groups is also seen among 
Vasculai' Plants^ and has been in them a source of vegetative increase^ 
But in them, with their discrete sporangia another, and a more efifeciive 
factor arises, vu^^, the abortion of whole sporangia and sporangiophores. 
Phis leads in a more rapid and ivholesale fashion towards the same 
end, the establishment of a vegetative system, by separation of 

the function of natritioiii from that of propagatioi’i in a shoot primitively 
constructed to serve both purposes, Sucli an early state is seen in 
every plant which shows the *‘Selago” condition; it has been shown 
above that this exists in more or less obvious form amoriig the representatives 
of all the main phyla of Vascular Plants ; and that it figures among their 
early fossil forms. There is less certainty about the earlier steps of origin 
of the sporophyte in the poly-sporangiate type, and analogy with the 
Bryophytes has to serve in place of more direct observation, But the 
later steps, by abortion of spore-producing parts, are more secure, even 
though the observations are frequently of the negative fact established by 
comparison, viz,, that certain parts are not present, having been com- 
pletely obliterated, so that not even a vestige remains to show what has 
happened. 

In the nature of things this theory of the origin of the sporophyte^ 
and of its establishment as the leading factor in the Flora of the Land, 
is not Susceptible of direct or full proof under present conditions. But 
it offers a coherent account of how' the sporophyte may have arisen : it 
is based on a wide comparative study of known forms from the point 
of view^ of their individual development, their external morphology, their 
anatomy, spore-producing members, and embryology: it does not assume 
wide-spread reduction, nor does it postulate any iruaginary types, but 
proceeds by comparison of those forms of which there is evidence 
actually existing either in the living or the fossil state. On these 
grounds the theory is put forward with some degree of confidence, though 
in the full knowledge that it has not been, and indeed that it cannot 
be, proved. 



CHAPTER XLVL 


HETEROSPORY AND THE SEED-HABIT. 

The theme of this book has been the origin of sx Land Flora, not the 
examinatioT] of its ultimate developments : and accordingly the detailed 
study has related to the homosporous Arch ego uiatae, with only occasional 
allusion to those which are heierosporous, and hardly any to the Seed- 
bearing Plants. The reason for this lies in the high degree of certainty 
that the homosporous state was the pre-existent, and the helerosporotis 
the derivative condition from it ; afty study of origins will therefore relate 
primarily to the former. But the upward evolution of Vascular Plants has 
been intimately connected with the differentiation of the spores according 
to sex, and the establishment of the Seed-Habit, changes which have 
brought with them biological advantages conducing to increased precision 
in the establishment of new individuals. I'he earlier step was the 
introduction of heterospory, which results only in minor refiex effects on 
the parent: the later adoption of the Seed-Habit iias in certain cases 
been followed by a profound modification not only of the immediate 
spore producing members themselves, but also of the parts which bear 
them. It will be necessary then to compare the condition of homosporous, 
heterosporouSp and Seed- Bearing Plants, especially with resjjcct to ^lucstions 
of amplification and reduction, such as have been treated of in Chapter XIX. 
It was there concluded [p- 341) the production of the largest number 
of effective germs was the end of all development of the sporophyic: that 
any increase in their number involves amplificaiioii not only of the 
propagative system but also of the nutritive: and consequently, other 
things being equal, there is a prolxabiViiy that homosportjus plants as a 
whole should illustrate lines of amplification rajher than lines of reduction. 
While admitting that reduction may occur in homosporous forms, the 
homosporous types have for the most part been recognised as constituting 

natural series of ascending complexity. 

The innovation of beterospory does not appear to have brought with 
it any general reduction of parts, but changes rather of the contents 
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themselves of the sporangia. It is well known to have been initiated along 
several distinct phyleiic lines j well-ascertained cases are seen in the ligulate 
Lycopods (Figs, 23, 24 j 165* 166; and 170), in the CalamaHans (Fig. 210), 
and in the Hydropteridcae, while it is quite possible that the heterospor)' 
which preceded Seed-formation in the Pteridosperms may also have beei^ 
independently initiated. The innovation is closely connected with the 
sacrifice of a proportion of; the potential germs for the belter nutrition 
of the rest : this has already been seen to occur in various homosporous 
types such as the Psilotaceae (p. 41 7)^ and Eiptmtum (p. 3S0), though 
the spores produced in these planes show no differentiation in size, or 
appiXrent]}' of The condition seen in Calanwstuchys Casluana (p. jSr) 
is but little removed from this : here, however^ heterospory is clearly present, 
but not far advanced from that homosporous state where sacrifices for 
nutritive purposes are seen : the megaspores appear relatively small and 
numerous, as they are also in some of the he teros porous Lycopqds, such 
as Lyc<>podttes Sttissn, with 16 to 24 in each sporangium. In Sdagindla 
itself the number of the megaspores is smaller, and may vary from 8 in 
S. tipttSy through the common number of 4, to sometimes a single one, 
as in S. nipcs^r^s. The latter condition is found also in the Hydropterideae, 
and it is the state which is commonly seen in all the higher Seed-Plants. 
The facts indicate with 110 possible uncertainty that a progressive reduction 
in number of the spores, which prove on germination to be female, has 
taken place, till finally a single, large, w'el I -nourished spore is the sole 
product of each megasporangium. 

Such changes, however effective they may be m the successful establish- 
ment of the ne^v individual, through the concentration of the nutritive 
store conveyed from the parent plant in a few' enlarged megaspores, or 
in only a single one, are nevertheless intra-sporanglal : they rarely affect 
other parts. It is true that in Azalia abortive primordia of microsporangia 
accompany the mega sporangium, as though their correlative diminution 
followed On the great enlargement of the inogasporangium \ but this cast^ 
is exceptional among heterosporous plants, and thus it is seen that the 
intTOduciion of heterospory does not necessarily bring far-reaching effects, 
but involves a readjustment of the available nutritive material w^ithin the 
single sporangium, and its concentration round few centres, or only a 
single one, in place of many. 

It is different, how'ever, w'lih the other, and much more effective 
innovation, viz., the Seed-Habit, This also was initiated along more than 
one line of descent, though it may still be a matter of doubt whether 
It became permanently efl^tive in more than one distinct phylum^ It 
will suffice here to quote the cases of incipient seed-like habit of the 
Lycopodiales, seen in Z.^pido^arpon and in Aiiadfimidi in which 

the megasporangium, with its single megaspore retained within it, is covered 
in by an integument, leaving a micropylar slit or pore : the whole 
structure, together with the sporophyll to which it is related after the 
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type of the sporangia of other Lycopodiales, falls hut tlie details 

of feTtili^tion and of embryogeny which follow are still iinknow]^,’ I'he 
nearest approach to a seed-like habit among the living Eycopods is seen 
in Se/a^ine//a apus and mpistrhP Here fertilisation occurs while tlte sjjores 
are unshed, and the sporangia still attached to the strobilus : in S. rnpesiris 
the connection is maintained with the parent plant until the emhryo lias 
produced cotyledons and a root. Thus the Lycopodia les, both lo.ssti and 
modern, show approaches to a seed-habit, though it is doubtful whether 
that habit was ever firmly established among them, or ])ei'sists in the 
form of any of the Seed-Plants of the present dayT* The condition now 
so fully demonstrated for the Pteridosperms shows that a Seed- Habit was 
definitely acquired along another quite distinct phyletic line.’^ These 
large-leaved types, bearing their large seeds of Cycad-like character dis- 
tributed on Fronds effective also for assimilating purposes, probably sfirang 
from the same stock as the Ferns, and it is especially with tlie IJotryo- 
pterideae and the Osmundaceac that they show the nearest analogies, 
I’hus the Seed-Habit appears to have been initiated certainly in iivo 
distinct phyla, and it is not improbable that it may have been repeatedly 
initiated within either or both of them, 

The establishment of a Seed-Habit does not necessarily bring immediate 
reduction of the supporting system in its train \ but it has frequently 
happened that such reduction follorvs, I he fact that the large seeds of 
NeufopUris ^leterophylla are borne on a rachts bearing characteristic 
vegetative pinnae shows that a correlative reduction is not obligatory. 
But on the other hand, a reduced state of the sporophylls does usually 
accompany the seed-habit: in Ly^nodaidr^ti the female fructification is 
described as being borne on the raohls of fertile fronds which differed 
from the sterile foliage in the reduced leaf-area : and this applies also in 
some degree to the male sporophylls as well, i'rom such minor tlcgree 
of reduction of the megasporophyll to that condition seen in Cy€a^ is 
no great step, and from this the sequence through the Cycads gives 
very convincing evidence of further reduction* It seems not im- 
probable that in Cycadeoidta a still further step in reduction has been 
taken, so that while many of the sporophylls apfXJar as minute sterile 
scales, those which are fertile exist merely as radio-symmetric pedicels, 
each bearing a single terminal ovule. ^ The microsfxjrophylls show a 
series of reductions in less prominent degree, but without an) strict 
parallelism with the megasporophylls : thus in Cy^^d^oid^^ where t e 

^ See Scott, Pr&^^ntts AW i., p- 

^Miss F* Lyon, Gaz.f vnl. mxkiS., PE>. iSs j^ 

»See Seward and Ford, ‘‘The Araucariace:ie, Itecent :ind Kutinct, PM. /rma.. 

Series B, vol. p, 305, file. , 

*Sce Scoll, AVi 1., pp- 190 212, where the literaUire -piolet]. 

^Englcr and Prantl, ir, fig. 7- 

^Thls is the opinion of Wielanti, Amirkan PesiP p- 230, uie. 
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megiisporophyiU are the simplest of all, the microsporophylls are still 
of coo^jiderable size, while those of the modern Cycads ate rifiuch smaller, 
tliough thcii' megasporophylls show less extreme reduction^ Such coin- 
parisons appear to indicate with unmistakable clearness that in the course 
of descent a reduction of sporophylls has followed upon the establishment 
of the Seed-Habit, but that it came gradually, and is not to be held as 
a simple or direct example of correlation 

The essential point in the Seed- Habit is the retention of the megaspore 
within the tissues of the parent plant till after fertilisation : on this has 
followed, in the first place, the ultimate achievement of a higher degree 
of independence as regards fertilisation ; and secondly, the opportunity of 
continued nutrition of the embryo by the parent plant up to an advanced 
age. Both of these are important steps in the establishment of a Land- 
Flora, and must be briefly considered^ Taking flrst the question of method 
of fertilisation, it may be remarked that the differentiation of sex as 
evidenced in heterospory is in itself no point of adaptation to a land- 
habit : while it brings an advantage m the superior nutrition of the female 
spore, it imposes a fresh difficulty iu fertilisation, viz,, the necessity during 
germination of a near juxtaposition of the microspores and megaspores, 
bodies which have a distinct source of origin t the more distinct the origin 
in space, and in time of production, the larger will be the number of 
microspores requisite to ensure a reasonable probability of fertilisation. As 
a matter of observation the number of microspores in the Pieridophyies is 
habitually maintained according to the plan of the original homosporous 
sporangium;, ar>d it may be in Seed-Plants also, so long as their distribution 
is by no specialised method, and so long as juxtaposition with megaspores 
IS only a matter of chance. This Is exemplified in the Pteridosperms and 
in Cycadeoidm^ and in less complete degree in the Cycads, But in the 
higher forms of Seed-Plants the specialised methods of transfer of micro- 
spores, and especially those by animal agency, have led to economy, so 
that a reasonable certainty of fertilisation is secured with a smaller output 
of microspores^ This theme may be so fully illustrated by well-known 
examples from the Flowering Plants that it requires no further explanation 
here. But as against the difficulty of securing juxtaposition of the mega- 
spores and microspores during germination may be set the adoption of 
si pho nogam y, which followed ultimately upon the Seed- Ha bit. A precision 
previously unknown was thus introduced into the act of fertilisation, so 
that once juxtaposition of spores was secured, fertilisation followed with 
a high' degree of certainly. This reduced and finally abolished the motile 
stage, and so removed the critical process of fertilisation from its primitive 
dependence on the presence of external fluid water. The adoption of 
siphonogamy was the last adaptive step of prime importance in the 
establishment of a Land Flora upon a permanent basis of suitability to 
external circumstance : and the high degree of certainty of the resulting 
fertilisation still further favoured economy of pollen -production* 
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A second consequence of the adoption of the Seed-Habit the 
continued nutrition of the embryo by the parent plant: not only uas 
accurate fertilisation secured, hut tlie embryo was fai advanced in its 
development, and supplied with a large nutritive store before being isolaicd, 
ajid becoming dependent on its own resources. 'J’his, together witii the 
mechanical protection of the seed-coat, brings a highly increased certainty 
of establishment of each germ as a new individuaL Kconomy will again 
follow on the increased chance of success of each individual genn, and 
the general tendency of these precise and ccrtaii’i arrangements must 
have been in the direction of reduction : evidence of this is to be recognised 
generally in the floral construction of Secd-Flanis, Amid all the fluctuations 
of detail of the floral mechanisms they show, as compared with the 
Pteridosperms or Cycadales, evident traces of that reduction which the 
adoption of the Seed* Ha bit would on biological grounds lead us to cspcci. 

The higher terms of the series of Vascular Plants show more exact 
differentiation of the vegetative and reproductive systems than the lower. 
Each appears to have taken independently its own line of spec ialjsai ion. 
But there is good reason to hold these advances as mere changes of detail 
in a plan substantially the same, however important may be the biological 
effects thus gained. The general plan of the shoot of K (owe ring Plants, 
whether vegetative or propagative, and the characters of its several parts 
remain the same as in the more primitive Vascular Plants, thotigh subject 
to an infinity of modifications ; and the conclusion which is forced upon the 
mind in contemplating the construction of Vascular Plants at large is, the 
unity of the general scheme underlying them all. It is based, as we have 
seen, on the individual shoot, consisting of an apically-growing axis with 
appendages borne iti acropeial succession, and accessor)^ roots. The 
general-purposes shoot, as seen in its essentials in the earliest homosporous 
Pteridophytes, is the pattern : from this, by segregation of the vegetative 
and propagative regions, and subsequently by their independent specialisation, 
even the highest terms of the Flora of the Land may be held to have been 
derived. And in the course of this evolution there is evidence of two 
maJn progressions as regards the sijie of the appendages, and their pro- 
pagative capacity. In the first and more primitive phase, whicli was 
characterised by being homosporous, there are comparative reasons ■sivhich 
have been explained at length above for recognising a very general ampli- 
fication, though subject in special cases to reduction* I his is in accordance 
with the obvious biological advantage in homosporous forms of producing 
as large a spore-output as possible. It involved in some cases proluse 
branching of the shoot, while the individual a])pfcndages remained small, 
as in the microphylious Lycopodiales. In other cases the axis was not 
greatly extended, nor the appendages numerous, but the latter made up for 
these deficiencies by their extensive individual growth and ramification. 
This is exemplified in the megaphyllous Ophioglossales and Hlicales, 
while the sporangiopKoric Pteridophytes lake an intermediate place. J hus 
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in various uays, though probably from somewhat similar beginnings, the 
various primitive homosporous phyla may be held to have worked out 
the line of biological advantage which follows on direct increase of numerical 
output of spores^ This may be regarded as the upward limb of a curve 
of morphological complexity. 

But xvith heterospory and especially with the Seed-Habit and more 
precise methods of fertilisation following on siphonogamy, the line of 
biological advantage was diverted from mere numerical increase of germs 
tc3 their individual nurture, with, as a consequence, a higher degree of 
certainty of their final establishment in life. This brought in various 
ways reduction as against the previous amplification* The most conclusive 
evidence of this is to be found in the sequence from the Ferns* and 
Fern-] ike Pteridospernis, through the Cycads. It seems impossible to see in 
these any other .story than one of simplification of appendages following 
on increased precision of propagative method ; it may be represented as 
the down\vard limb of a curve of morphological complexity. It is not at 
present possible to indicate any other phyletic lines with the same degree 
of certainty as this ; but the condition of the floral construction in other 
Gym nosperms, and in the Angiosperms themselves is certainly such as to 
harmonise with an origin in which reduction has played a prominent 
part.^ The biological probability that such an homosporous amplification 
should be succeeded by a reduction following on the adoption of a Seed- 
Habit is in full accord with the evolutionary course which the facts 
themselves appear to indicate* 

’ 1 leave emlrclv open the quesiion of phyk-dc origin of certain Gymnospenns ffom 
the Lycopodiales* If ikat were their Cvue origin the reduerLon ^vouM in that case be 
rtstriciion of the rwmbct of sporophylls and sporangia ratine r than in si^e of the 
spOTOphylls themselves : in fact a reversa] of their homosporous ampTificalion, analogous 
to but not coincident with that of the larger- leaved Filicalcs* Pleddosperms, and Cycads. 



CHAPTER XLVII, 


RESULTS, PHYLETIC AND MORPHOLOGICAL. 

It remains to slate the chief pbyleLic and morphological coticlusions 
which may be based upon the facts and the reasoning contained in what 
has gone beforCn They are derived primarily fron^ the sporopliyte general ion^ 
and the reason for this is that it supplies the most distinctive features. 
Nevertheless! the characters of the gametophyte have not been ignored. 
The method adopted, wherever It is possible, has been to start from the 
detailed comparison of forms within a near circle of aflinity: to lay these 
out In short series which there is reason to believe were progressive, and 
then to compare the more primitive types of each with a view to gaining 
some idea of a prevalent original type for the wdiole group, or phylum, 
A comparison may then follow of the original types of difleretu groups or 
phyla, with a view- to the recognition of characters which are common in 
them : and so a conception may be formed of some of those general 
features which ruled in the remote ancestry, and even in the early 
foundation of the distinctive Flora of the T^andt as expressed in the rise of 
the sporophyte generation. 

It has already been seen that no definite Algal form now living can 
be held to have been a direct progenitor of any known Arch egon late type, 
Ceriixifi Atgae in iheit' h&w ihe initiation of a 

sporophyte may have occurred^ but there iS no. suffideni reason to hold them 
as being in the acUiai line of descent of Archegomaie fonns^ I he probable 
relation of the Bryophytes to the Pieridophytes is somewhat similar: for 
though the comparison of their sporogonia with llie spt>rophytes of the 
Vascular Plants shows many points of similarity, still it cannot be held 
that there is sufficient evidence to assume a phylelic relation between the 
noii'Vascular atid the vascular Archegoniates. /loth Afosses and Lizvnoffrts 
may "With probability be held to be blind branches of descent^ which illustrate 
nevertheless phyletic progressions that illuminate the origin of sterile tissues 
from those potentially fertile, and the establishment of a self-nourishing 
system in the sporophyte. With these few words the Algae and 



/ID 


CONCLUSION 


Bryophyta may be dismissed as side issues> and the special phyletlc 
interest will centre lound the vascnlai Ardiegoniatae, as the forerunners 
of all the higher vegetation of the Land. 

The method above described may be first applied in the case of the 
CAMETOi^Hvi F, of the homosporous forms of Pteridophytes. A comparison 
of the prothalli of various species of Lycopodium (pp* 340-345) points 
towards a massive body^ probably exposed above ground and capable 
of assimilation, with its sexual organs sunk in the massive thallus : the 
form seen in Z. Sehgo is held to be not far removed from the original 
type. Probably the filamentous condition seen in L. Phieginaria is a 
specially attenuated development in accordance with saprophytic habit, 
while the colourless condition of the underground prothalli, where depend* 
ence is entirely upon saprophytic nutrition, can hardly have been anything 
else than secondary. The same opinion applies also for the prothalli of 
the Ophioglossaceae as regards their colour, and the deeply suqken sexual 
organs (p, 465), while their massive construction compares with that usual 
in Lycopodium. The female prothallus of Equhcfum is of essentially a 
similar type, but it shows less massive structure* especially in the upward' 
growing lobes, which are not unlike those of Z. arnuum. The male 
prothallus is, liowever, of a simpler type: the antheridia are sunk as 
before, but the archegonial neck projects, as it does also in some species 
of Lycopodium. Turning to the Feins, the delicate prothallus of the 
Leptosporangiates, and especially the simple filamentous forms of the 
Hymenophyllaceae, suggests at first sight that they are of an essentially 
different type from the more massive forms previously considered. But 
comparison within the Fern-phylum show-s that the prothallus of the most 
ancient living type, the Marattiaceae, is more massive in construction: 
and in the Osmundaceae the same is seen, though in less degree. These 
facts strongly suggest that the Fern-phyhim has undergone a progressive 
simplification of the prothallus, and indicate an origin like the rest from 
a massive source. The sexual organs also are deeply sunk in the Euspor- 
angiate types, but show a successively more projecting position in the 
Leptosporangiates, just as their sporangia also project more than in 
Eusporaiigiate Ferns. Thus the propagative organs of the two generations 
march parallel in respect of their relation to the surface of the part which 
bears them. li may acc&rdingiy be concluded cts probable that iJie protlmilus 
of early Pteridophytes at large was a re/gtizfeiy massive green slructuref 
ivith deeply sunk sexual organs.. 

Turning now to the comparison of the Sporophycf, the phylum of the 
Lycopodiales* in which It is of the simplest construction among the 
Pteridophyta, is certainly as ancient as any of the rest : the two constituent 
series, the Ligulate and the Eligulate, illustrate parallel progressions, but 
their similarity of plan shows that they are closely allied. On the basis 
of comparison of the known forms a primitive type of Eligulate Lycopod 
has been sketched out, and it ia nearly approached by what is actually 
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seen living in L. Sdago (see front iiipiectj, iil^o \t. 363) : it mav 

ultimately be found to be even better represented by some otl^crij of the 
thirty-eight less fully known species of the Sec Lion of tl^c 

The undifferentiated condition, which if; seen in them, is no 

recent characteristic, for 11 appears also in certain l^alacoj^oic I.ycojjods : from 
this state the various living forms illustrate the achievement of a more clear 
segregation of sterile and fertile tracts, inttiaied by abortion of sporangia 
in the sterile regions 1 along with this goes more ade^juaie protection <if 
the sporangia, and their change to a broader form : there is also a greater 
complexity of the sielar structure, and a greater specialisation of the 
embryogeny : the essential parallelism of these progressions indicates tiint 
they constitute true phyletic lines, the advance having been from the 
primitive condition of the Section to the more specialised state 

of the rest of the genus. The Ligulaie series, which includes the most of 
the fossil genera and the moderci and /sfjeft^s, has as a rule 

more definite heterosporous strobiH, though the condition is 

again seen in /soe^es. In this respect the Ligulate i.ycopods arc more 
advanced than the Eligulate. 'J'he highest type of jiropagaiive organs in 
the whole phylum are the seed-like structures in Ltpuioairpou and 
Miadamia^ which show an advance parallel to that found in the Ptcri do- 
sperms, Both the living and the fossil forms are In their simplest types 
protostelic, but there has been advatice to medullatlon, and finally to 
disintegration of the xylem of the siele and to secondary thickening in the 
dendroid forms. ^lagin€Ua Spin^ih^n has been recognised am{>ng living 
species as a relatively primitive Ligulate type, on the ground of its 
radial construction, its branching, and Its anatomy ^ in these diaraciens, 
as also in point of the embryogeny, 5 . Sphmh^a resembles L. 
notwithstanding its heterosporous state i this fact has a special interest, and 
the convergence in many features betw'cen the two species confirms the 
correctness of their recognition as primitive in their respective genera. 

The Lycopodiales stand by themselves in the sim()]icity of theii 
^porangial arrangement, and constitute a type of extreme antitjuit), which 
has come down practically unaltered to the present day. T heir comparative 
•study may be conducted independently of other phyla 1 for there ifs no 
reason to think that they were derived from any other known vascular 
type. It has been shown that the several lines of compari.son coinuge 

downwards : ^^ndition uHimily stffi ^'Selago typ^ 

primitive^ and Lycopodium Selago, its impt’r/^edy 

shoot^ h in fact a mar approach in a Hving specie^ the ukai prttmti^i 
form which emerges from wide comparative study of the phyhm 

There are two further characters seen occasionally in the L>topo la es 
which call for special remark. In the very early fossil, Lycopodiics . n 
{p, 298), the leaves are arranged in whorls, as they are a so in 
living species of Lycopodium (p. agO- I'l others the leaf-arrangemen is 
irregular, Sometimes, however, whorled and spiral arrangements may 
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found at different heights on the same plant: or the ptaTie of the vvhqrlg 
may he set obliquely to the axis. It would appear probable from such 
facts that the original type had whorled leaves, and that the spiral 
arrangement was acquired by secondary disturbance of it, a point of some 
considerable interest for comparison with the sporaugiophonc Pteridophytes* 
The other chaiacter is seen in (p. 31S), and in Ltpidmtrobas Browniit 

both of which had very large sporangia (p. 322). In these a partial 
sterilisation of sporogenous tissue producing trabeculae meets a mechanical 
and nutritive requirement follow'Eng on their large si^e, and the structure 
thus approaches a state of septation : such septation is indeed technically 
completed in the megasporangia of but no Ly copod shows a septate 

state of the sporangium as a permanent character. The interest in this is 
in comparison of these sporangia with the similarly placed synangia of the 
Psilotaceae and Sphenophyllaceae. 

These two series, together with the Equisetaies, have been included 
under the general designation of the Sporafigiaph&rii: PUridophyta (p. 423). 
Though differing in detail, the main plan of their sporophyte is similar to 
that in the Lycopodiales, as regards axis and leaves, branching, and 
anatomical structure ; but the sporangia of the latter are replaced by 
sporangiophores, while the relations of these to the bracts is not 
uniformly so regular as that of the sporangia in the Lycopodiales^ More- 
over, both bracts and sporangiophores show evidences of fission, sometimes 
independently, sometimes together. These relations have been considered 
above (p, 694‘5^t together with the similar variations of exact position of 
the sporangia and sporangiophores relatively to the axis : such facts, con^ 
bined with the arguments already advanced in Chapter XXVI I L, lead to 
the conclusion that tin fumtionally identical par is designakd sporangiopk&res 
and spuran^ia are cognate parts ; it appears probable that the sporangiophore 
is itself a consepienee of elalfaraiion of a sbnpkr type of spore-prodndng 
member, of 'ivhich the sporangium of Lycopodium is an example^ while the 
Irabeeulae in Isoetes and Lepidostrobus Brow nil suggest a mode of origin of 
the septate state. If this 7 vere sOt then the sporangiophore toon id have been 
dtsUnd in its phyleik origin from the bract-leaves, which habitually subtend 
the spore-producing memberSf whether they be sporangia or sporangiophores. 

The Sporangiophoric Pteridophytes (which include the “ Articulatae " of 
l.,ignier together with the Psilotaceae) are primarily characterised by the 
presence of the sporangiophore. The fact that the leaf-arrangement is often 
whorled, which is a leading feature of the Articulatae, while that in the 
Psilotaceae is alternate, is here regarded as a point of secondary moment, 
ITe reasons for this are, first, that the leaf-arrangement varies from the 
whorled to the alternate in the very natural phylum of the Lycopods, and 
secondly, that a similar change appears from the ancient Sphenophylleae 
to the modern Psilotaceae— groups clearly related to one another. P 
seems probable that the whorled arrangement was Initially general for the 
stroMloid types^ but that the regularity has been secondarily abandoned. The 
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character of the sporaiigiophore once acfEuircd ap|K.iis to Ixcn more 
constant, and affecting as It does the [irotiucticjn and disjieisbil of die sptsreSt 
it is of much more biological momo)U than details rif ieaf-arrangenieiit : 
consequently it deserves a prior place in our comparisons. 'Hie designatSmi 
of the Equisetales and Sphenophy] laics, iiioluding the P.dloiaccac as 
sporangiophoric Pieridophytes, is to be ijrcfcrred to any separation of ihe 
“ Articulalae on the ground of leaf-arraiigeincnt. 

The essential unity of the characters of the Sporanj-iophoiie IherithjEjh) les 
Is becoming more apparent as the knowledge of them witiens : this iudicates 
that they cor^gtitute a brush of phyletic lines sprung probably from a 
common gpurce' the original characters of the common slock apiJear i{> 
have been not unlike those of a primitive Lycopndincus type uhere the 
whole shoot was fertile ; but here the spore-producing members proceetled 
early to a more elaborate structure, the sporaiigiophore replacing the sim])le 
sporangium, while a capacity for fission of the leaves supervened, Eind 
often of the sporangiophores also. The stelar structure in many cases so 
closely resembles that of the more primitive Lycopodiales as to lend lUbUeiial 
support to this suggest! oil. Starting from such a central l3'|>e as Sphetio- 
phyiium majus^ in which a condition is seen, a departure from the 

wborled dispositior] of the leaves, such as the Lycopods shoiv within the 
genus Lycopodmm^ would give the type of the mocierr^ l^siloiaceac : a 
transition to a higher differentiation of the sterile and (criEle regions^ with 
fission of the sporangiophores and reduction of the iiumber rjf sporangia 
borne by each would give the more com pies state of !}a 7 vsom and 
Rocm€ri\ a similar fission of both bracts and gporangiophorcB would lead 
towards the type of ChdroUrohuE. It is rtot suggested tii^t the species 
named were thus grouped in actual phyletic lines, nor would these accord 
with stratigraphical sequence; the intention is rather to indicate morpho- 
logical relationships of the different known forms to a probable primitive 
type, a primitive type to which Spkemphyihtm nay us retained a high degree 
of similarity. 

On the other hand, the structure seen in Sphcmphyilum 
(p, 694, footnote) connects the Sphenophyllaceous-type of strobilus with the 
usual Calamarlan type : it has been shown above henv the various other l) pcs 
of the Equisetales are related to this (pp, (394-^5 ^Iso chapter XX\ IIL), 
The analogy of the Lycopodiales, together with the facts seen In the 
sporangiophorio Pteridophyies themselves, points to their origin also frcmi 
a strobiloid type with a general-purposes shoot, in which the avis was 
dominant and protostelic, the leaves were w'horled, and in which tlie spore- 
producing members early attained to the sporangiophoric structure. T/if 
phyUtk reiaiioftship &/ ih€ Sphtmphyliaks and Equisdaks has undouMfy 
a viry chst one; ihe distinguishing Jeoinres are not to he found m fu 
primary plan or construction of the shoots so much as in the secondary modifi 
cations of number and relation of the appendages, and of their branching, 
together with changes in the originaiiy protostdic structure of the ttxts^ , uc i 
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i't}fiuderali&in support ilie ^muluuon thai ihc Spi^rangiophorlc PUrid&phyfes 
constituic a brush of naturaPy r^iaUd pkykik lints. 

It has been argued at length above (Chapter XXXL) that the Ophioglos- 
sales are an upgrade sequence, a view which accords with their homosporous 
state: also that ikdr spike Ulustralcs various steps in the increasing tompkxiiy 
of a body of the nature of the sporangiophore. The elaboration of the 
subtending leaf runs parallel with it, while both leaf and spike show 
branchings and fissions comparable with those recognised in the sporangio- 
phoric Pteridopliytes, hut CEirried out here on a larger scalen On this view 
the whole unbrancked shoot is a simple strobilus bearing kavts^ of which ail 
are potentially ferfik., and the great majority actually so. But the large 
ahe of the leaves, and their isolation in point of time (commonly only one 
being cjcpanded at once), disguises the real nature of the strobilus. All 
the three genera have attained to great complexity, but in Ophioglossum, 
and more clearly in Bolryekium, the gradually increasing complexity of the 
leaf in the individual life indicates what has probably occurred also in the 
race. Along one line, that of Ophioglossum pendulum^ intermedium^ and 
simplex.^ it seems probable that reduction of the vegetative system has 
occurred ; but with this exception the Ophiogiossaceae appear to have been 
an upgrade sequeneey sprung from some sporangiophorie stock.^ a?id bearing 
no near reluiion to the iargedeaved Ferns. The anatomy here again points 
to an origin from a protostelic structure, while the single leaf-trace strand 
in all the simpler forms indicates a primitively simple structure of the leaf. 

The Filicales constitute a more isolated phylum than any of the smaller- 
leaved forms. Their general comparison among themselves has been fully 
discussed in Chapter XL., and the relations of their leading families graphically 
indicated on p. 653. It is now recognised that true Ferns were represented 
in the Primary Rocks by relatively few forms, while their derivative families 
increased in number and extent in later periods. The Leptosporangiate 
type is essentially modern ; it is indeed doubtful whether any of the 
Palaeozoic Ferns had an annulus composed of a single row of cells : on the 
other hand, though Eusporangiate Ferns still survive, they were the leading 
type of the Palaeozoic Period, Accordingly, it is in the latter and not in 
the former that the features of interest for comparison with other phyla of 
Pteridophytes are to be found. 

It has been shown that the construction of the shoot of the primitive 
Eusporangiate Ferns is essentially stroblloid, maintaining constantly the same 
relations of axis and leaf as in smaller-leaved forms; the axis is in some of 
them permanently protostelic (Botryopterideae), while in the rest a protostehc 
structure figures in the early seedling of the forms still living. The leaf-trace 
is a single strand in primitive forms, though in the modern Marattiaceae it 
may be broken up into separate strands* In addition to this the outcome 
of anatomical comparison of the Ferns at large has been to show that the 
axial structure Is constantly referable in origin to a primitive protostele, a 
construction which is held to be typical and primitive for strobiloid plants i 
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this indicates that they are themselves essentially struhiloid types ^vhich 
have progressed to a condition of megaphylly. That is also the conclusion 
which comparison of their external morphology with ihut of other pliyla 
suggests^ while the absence of differentiation of the sterile and fertile rtgions 
is the same as is seen in the “ condition of the strobiloid types. On 

the general biological ground that in hoinosporons forms there is diiect 
advantage in enlarged spore-output, there is reason to regard amplification 
as probable. The amplification of the appendages has been more extensive 
here than in any other phylum, but there are many points of similarity with 
what is seen in certain csf the strobiloid Pteridophytes, and especially in the 
Sphenophy Hales and Ophioglossales. Aaordiiig/}\ ii A /tHd that the fUkuks 
were ulimetkiy of sirohlloid origin^ btd have under^im ampHfieafiofi of their 
leaves anahg$us to^ but phykticaiiy quite dhtlnel from what is seeJ! in other 
Fteridopkytes^ and carried to a higher degree. 

One chief reason for regarding the lines of the Filicides and Ophiogtos- 
sales as distinct lies in the difference of jiosition of the spore-producing 
members^ It has been argued above (p. 63 j) that the soral condition was 
primitive for herns, and that the sorus is a body simikxr in kind to the 
sporangiophor^t the two bei/ig alike in fa action, in strnc/nre^ and in capacity 
for fission and extension (p. 699) ; the numlftr and position are points of 
difference. An increase in number of sporangiophores (or sori) is a natural con- 
comitant of increase in size and nutritive capacity of the leaves; in the Kerns 
a process of fission similar to that suggested in the Spheiiophyllales probablv 
played a parh rather than elaboration of the single sporangiopliore as seeit 
in the Ophioglossalcs. The disposition of the numerous sori upon the leaf 
in Ferns differs from that in other Pteridophytes : but it must be remembered 
that in large-leaved forms this necessarily became a matter of biological 
adaptation in the absence of the protection afforded by a comjiact stiobilus. 
The Filicales are thus a phykuu showing fimdamerUaliy the stroliitoid 
characters* hut secondarily modified in relation to their pronounced 
megaphyllous habit. This ivas adopted very early by them., as the fossil 
story as well as their general morphology clearly show. According/)', the 
Fitkciks appear as the most ditfergent phyhim of homosporous Pteridophytes. 

I’he prevalence of a vvhorled arrangement of the leaves has alrcatly 
been noted among early strobiloid types^ but it was seen to have been 
departed from in n^any of the J.ycO|jods, and in the modern Fsiioiaocae^ 
In the FilScaleSt however, as also in the Oi^hioglossales, alternate leaf- 
arrangement is the rule. This difference from early strobiloid types is a 
very natural one in megaphyllous shoots : for the whorl ed arrangement is 
mechanically inconvenient where the leaves are large. 'J’he alternate 
leaf-arrangement in the megaphyllous types may he held as a i^atural 
though not an inevitable conscciuence of the large si/e of the appendages. 
If this is itself secondary in the lilicales it is (|uite possible that their 
alternate arrangement was also secondary in descent. Hut on this point 
there is no dear evidence. 
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// ikus appears that €ompariso}t oj the several phyia^ as represented 
both by theh fossd and their modern representatives^ leads in each case 
foivards the recognition of a primitive iype^ and that its cons fraction in 
the several phyla has certain feat arcs in cQmmo?K The chief of these 
are the dehnition of axial polarity to the first initiation of the embryo; 
the continued apical the radial construction of the shoot; the 

origin of the appendages laterally from the axis by enation, and in strictly 
acropetal order: a protostelic structure of the conducting system of the 
axis, and a leaf-trace composed of a single strand, which comes off from 
the protostele with the minimum of disturbance of its structure* The 
appendages were from tl’ie first of two kinds which were closely associated 
together : bracts or leaves, and spore -producing members : the structure 
of these, and their relations to one another and to the axis, varied in 
the different phyla, and gave them their distinctive characters: but a 
whorled arrangement of the bracts was prevalent in early smalMeaved 
forms, while tliey commonly held a subtending relation to the spore- 
producing members. A Imdy sneh as that sketched appears to Have been 
eonimon for all the early PteridophyieSi and constituted the primitive shoot. 
There is no clear indication, beyond comparison based on the facts of 
embryology and of mature structure, how such a body ivas in the first 
instance produced; but this leads to the hypothesis put forward in 
Chapter XI. The sporophyte, thus constituted, probably arose originally 
as a structure of limited size, and unbranched, upon a prothallus of 
considerable dimensions, and producing Bomosporous Spores. From it, by 
branching of the axis, by differentiation of vegetative and propagative 
regions, by amplification of the leaves and spore-producing members, by 
adoption of an alternate leaf-arrangement as the leaves enlarged, and 
by expansion of the vascular system to meet these additional require- 
ments, all the known homosporous types may be understood to have 
originated. But as explained in Chapter XLVI., the adoption of 
Heterospory^ and of the Seed- Habit supervened later. Thh^ while it has 

led to the final independence of the T^nd-Flora as regards external fluid 
water for the completion of its Life-Cycle, has brought as a secondary 
consequence a wide-spread reduction 

The final goal of all organic development is the establishment of 
new individuals. The evolutionary story of the sporophyte illustrates this 
in two distinct ways* /n ike prior and non-spedailsed homosporous forms 
large numbers of ^rms are produced \ those are individually small, and 
ill provided with nourishment, but they make up for deficiency of method 
by their large numbers. The larger their number the better the chance 
of survival and spread of the race: consequently amplification of the whole 
sporophyte is tlce leading characteristic of these earlier and simpler types \ 
it was carried out either by multiplication of appendages individually small, 
as in the microphyllous types, or by enlargement of individual appendages, 
as in the megaphyllous types. It was in these homosporous forms that 
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the vegetative system was established and amplified, while it tended 
to become differentiated from the propagative system, /ti ih hkr 
more %pedalhed hekrosporou^ forois^ and parikuhrly in the Seed- Plants 
with tkiir mart mei/tods^ individnal predsion supersaks mere 

numbers: and reduction of the propagative system has been Us usnai ton- 
eomi/ant. The vegetative system which became hilly distinct from the 
propagative, often retained or even increased its dimensions and complexity. 
Taking an evolutionary course of its own it diverged more and more 
in character from the propagative system. The final result is seen 
in the Angiosperms which are now dominant : here the flowers differ 
widely from the vegetative shoots^ though the plan of each resembles tiiai 
of the primitive shoot from which both sprang. But whatever the modern 
complications may be, comparison along lines which have been pursued in 
this volume indicates that the sporophyte, which is the essential feature 
in the Flora of the Land, is referable back in its origin to post-sexual 
complications 1 it appears to have originated as ft phase interpolated between 
the events of ehromosonie-douMing and chromosotne-redudion in the primitive 
life-cyde of plants of aquatic habit. 
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Cb^kpfiria^ 333, >39. 

Cbcnniotactlc action, jO. 

CltloTophyccac, 7 ^*‘ 

Chorisis of sfiorangEophpprcs, 695 jbt): 

of bracts, 695 (Fig. 361). 

Chromatin, 47. 

Chromosome- cycle, irregularities of, 58' 
Chromosonies, 47 j their numbers, 48, 

37 ^ (Fi^^ 204I. 

Cladcsiplronic strnciiirc, 1S9, 19b. 

96 (Fig. 54 >. 

Cleistotarpe, 282. 
adiUrittm, 70 (I’i^. 40). 

Md£Aa£f<r\ 73 (Fig. 42)^ 

Columella tjf AtdAof^fvs, 268: of ^p/Jti^- 

ftum, 273. 

Columella- less forms cS Ndff>fhylaty 270, 
Cnnnuon huntlles, 195- 
Comprativc morphologyi 5. 

ConjnE^if^'^p golc^i *d, JO. 

Cor^lfliteac, early fiMisteiice 228, 

C'^rsffi/d^ 263. 

Cffryitepf^r'ii, S°3 * 73)5 5 * 9 - 

Cotyledon, variable in lime aiui place of 
tifigin, 670: orientalkui consiant, 671. 
Cotyledons, con^itant cirieivtulion of, 182- 
CyofS0fb/i‘af 528. 

Cid/if iii, 66 . 

602; phjkiic |wsiti«n H»f, 656 
( Fig, 334I * dgti/bfi/(if norujit 604 ( F igr 335 ) ^ 
/^^rayufia, M (Fig. 337 ) t ' 

anatomy, 605 (I' lgs. 33 ^^ 3.17 ► 33 *]b 

Cydihodium, 237 (FiE^ 263{l >ti- “J)- 

CyathMr&fhm aitm^ 521- 
CycadtrsNiftit 7 ®S- 

Cycads, reduced sixiropbylls of, 154 

126. 
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Cy/sfitiffifs, 12S. 

Cysh^Hcrh^ jibylclic posit ioD of, 655 {t'iK- 
354); 19 (Fig. 3K 

6S. 

Cyiological distinction of altorn^iinjj "cnerj^- 
tion^j 61, 

Cy{&yu:rh paj^Uis^ 615 {Fig. 341). 

94 (Fig. 49), 505 375) ; gorus 

of, 512 (Figs. 37S, 2iir, 28^, 286) ; anatomy 
of,, 525; in 3)170 of (Fig. 277); rr/rtZ/r, 
syinmctry of, 212 (Fig. 106), 

f>a}t(i£ii£s^ 523 (I'' Eg. 290). 

613 1 pliyleiic pogilLon of, 655 
(Fig. iS4) : Gyijpthiaaa (Fig. 06), 613 
(Fig. 3^9); hytu(n!^pHy!If>kks^ 615 (Fig, 

Decent in Mosses^ 28O. 

(Fig. 332 bh)', D. 
ntbkguima (Fig. 333 c), {Fig. 0$), Ool, 
597 (Fig. 332 b{f \ ; irregular arratigc- 
inenl of sporangia of, 598 ; solenostely in, 
Ooo {Figs. 333 A C] ; a^tip/ia (Fig. 65) ; 
Da^Htiija series, 61 J : phyletic position of, 
^5S (Fig. 354). 

Dt unxfaediihioe^ 595. 

phyletic posiiton of, 655 (Fig. 354). 

Dermatogen, rjS. 

Desmids, 70. 

Diaz'ii//>£j 617. 

Djcliotoinous branching of stem in Ferns, 
626 : theory of origin of shoot, 630. 

Dichotomy in P’ern leaves* 627, 62S. 

592 (Figs. 330, 33^); phyletic 
position of, 655 (Fig. 354); Barvitutz, 
t93 (Fig. 97); pumtUoba^ 190 (Fig. 95). 

Dick^Bonieae, Sid^di vision, of the family, 591. 

Dictyostele, 190. 

Dicty osteite stale in Ferns, 647. 

DkiyQla dich&toma^ 66, Sr. 

Diphystiitm^ Symmetry of* 205 (Fig* 104). 

Diploid phase, 47 » 52, 

554, 

Dipteridinae* 618, solenostely in, 621, 

Dipi^ru^ 6iS (Figs. 343 346). 

conjuy^t^^ mised sorus, 621; ; phyletic 
position of, 656 (Fig. 354). 

Dispersal of spores, 645. 

Divergent series, lO. 

Dorsi ventral construction, 201. 

Dorsi^-entrality of shoot, 208 ; derivative in 
Ferns, 6 z 6 * 

Double leaf-trace* 689, footnote. 


Etjuisetales* j66 ; external characters, 368; 
spore ‘producing member, 377 ; anatomy, 
3S5 ; embryology, 393 ; summary, 395. 

94 [Fig, 50) ; anatomy of, (91 
(Fig. 96); reduced leaves of, 239; spor- 
angia L development, 377 ; slerilisation in, 
378; stelar structure of* 3S6 (Figs. 211* 
212, 2C3); maximum^ 149 (Fig. 79); 
36Si (Fig. 193); 370 (Fig. 194); pr^itnst^ 
367 (Fig. J92); 373 (Fig. 196); airpoides^ 
176 (1‘ig. 9')! p^lyst^chyttm^ 

370 (l'’ig. t94) + Akrri/tkj 0^9; anatomy 
of seedling, 391 ; root apex (Fig. 92) ; 
/kiimirri, 369 ; 370 ; syhatHumt 

370 1 inyriiNrhfieUfiif^ 370, 

Elaterophorc, 90, s66. 

Elaters, 262, 

Eligulatae, 291 ; embryology of, 340. 

Embryo, biological study of* 18 J ; dependent 
on prot hallux, 238; of 392 

(Fig. 214). 

Embryology, 1 73, 25 r ; initial and continued, 

1 74 ; pri mary in Rry opby tes, 660 ; con- 
linued in Vascular Flant.s, 678; of PtCrido- 
pliytes, 663 ; segmentation of ensbryos, 
664 [Hg. 355) ; of Ferns, 649 ; of 
FilicaLcs, 649; of Lycopods, 340; of 
Opliioglossales, 489; of 
VifigatfitHj 466 (Figs. 260, 260 bis] * of 
O. »to/tt££antim and O. p^ndukttfJf 466 ; 
of /^ifiyy£AiH//itfir§'tMfii»iifHyj^C^ (Fig. 26 J ) j 
of /f, Lunaria, 470 (Figs. 262, 263) 3 of 
B. obiiqttum^ 471 (Figs. 264-266); of 
HdntiiiihQsia^hy&^ 473 (Fig. 267). 

Enation of leaf, 141 ; of leaves from axis* 
6S0; objections answered, 68 1* 

Bndotheciuni, 272* 278* 285* 

Enumerations of spores, 641. 

Ephemerum^ 2qS. 

Rucharidittm ^ 96 (Fig. 54). 

Eft-Dawi/iis, mixed soru.s, 613* 

Eusporangtate Ferns* relatively primitive, 
49^‘ 

Epibasal tier, 666 ^ 

Exogenous roots* 219. 

Experimental Morphology* 6. 

External characters of Fi I kales, 625. 

Extra-prothallial swellings, 673. 

Factors of advance, 85. 

Fe^aieila {Cstt&^^pbalui]:, 260. 

Fern* life history of* 14; vascular skeleton 
of, 15; soTus of, 20; Spores of* 



:>pcir£irigiuiiip (Jiivt.']o|iiJiient ofj 21; s|>f]rc- 

iviothor- Cells 23 : Spore letnds of, 23 ; 
HCMial orgrtfis of, 27 ; sinthertclLutii of, 27 ; 
speriii^toi^okl-s of, 2S : aicliegoriunii of, 2S: 
rcrLil]SA([an of^ 29; eqmbryo of* 30f 31 I 
life cycle of, 32 (Fig. l6j. 

FftriTi lCEif> origih of, 63O3 631 ; ctlFTerenUalioii 
of, 631, 

FeniSj rcilslance to droiigblj iS ; vegetal! ve 
propagation ofj 19. 

Fern spores, <]i:vpersLoii of, 24. 

Furiile and sterile regions, their rcktioins, 
iS^t 351* 

Ferlile spike of Ophioglosaaceae, general 
TTorpliology of, 432-447, 4^0 ; development 
of, 447, etc. 

Filicales, 495 ; general e<]m|iarison of, 624 ; 
CKternal characters of, 625; spore-pro- 
ducing wi embers of, 632 j sptirangimn of, 
$37; analotny' of, 646; embryology of; 
649 ; phytogeny of, 652 3 essentially 
slrohilotd, $S7 t of sirobiloid origin, 715. 
Filmy Fern classii heat ion of, 585 : slructural 
sj!fcialisatioii of, 586; re^hittitn^ of s|>oi'- 
angia of, 587, 

Fission of spike in Ophioglossaceae, 479. 
Floridcac, 67* 

Flow'er, symmetry of, 207. 

Foliar iraee, disintegration of, 668^ 

Fool, 672 : intra-prolballial of 
225 ; in Lyerj^Tods, 34R , in 
35 *^' 

Formalize regions of 1 [an stein, 178. 
Free-living sporophyie^vstahtishmunt ofjJlSi 
/'rff/ifiiitiii 264 (Fig. 124). 

/'Wwj, 6b, 

/nfiiina, 278 [Figs, 136, 137): symmelry 
. of, 204 tl' if!- : Ay^i-aMnSnVa, 91. 
Fungij alternation in, b8. 

Ganieto|diyte, 32. 

Ganulophytic budding, 27, 61. 

(general comparison of Filieaies, 624. 
Geographical dinlrihulion, 5, 

263h 

Germinal layers, theory of, 175, 

Germs, dktrihution of, 1. 

Gleicheniaceae, pl>ylelic |if)sition of, $54 
G''igr 354): eitiernal characters, 553 J sp<5re- 
producing jnemljcrs, 555 t nnahmiy, 561 ; 
spore ■enuineralion.s, 559 h 
GUkhenkt^ 55 j ; £initiait\^ 555 (hig. 3 '^b 
557 j spore -enumerations, 55^ \ 


(Fig, 9SG aniiomy, 563 (Fig. 

^om<i (Figs. 63, 64 K 554 (Fig'- liob 557 
(Fig, 31 1}; anatomy, iOc (Fig. 313} ; 
(irctitaifi (Figni, 6j, 64}; jIMfafti (Fig. 

554 309b 557 (Fig. 3[|,M 

anatomy, 561 (Fig. 3[3l ; a central 
ly|>e, 564 [ 554 ; njialoniy, 563 

(Fig. 3t3J. 
f ilnssopteris, 625. 

Gradacae, 117,497, 49^n 47 ' 5 i ^^34 3 inuisition 
to Mislae, 602. 

4yS (I''ig. 269}, 

50i. 532, 539. 

GfJi^tirfT 97 - 

Gi/fifitra [wlysteiy, 192- 
Gyn>nos[)ern^s, early existence of, 22S. 

$9, 

Hairs of hern?, 632. 
ilajjFrid phase, 4X, 32. 

//a-s/Ayj 522 (Fig. 289), 

Haustoria, i8i, 672. 

[[atislomintj LiurHa-prothalliul, 347. 
H£(miuiAQ$tQfhys^ 151 (Fig. 83), 443 (hign. 
343, 244); external characters, 443 (Figs. 
243, 244 1 : s|>ore producing members, 435 
(Figs. 254, 2531 ; anatomy, 4 58, etc. (Fig. 
256); cmliryo, 473 (Fig. 367). 

Ilepaticae, 257- 
Ncierospofot!^ c^i^diiioit, 114. 

J leieros|jHiry, 703, 71b; \i\ J17: 

in /w/r-jj 318: in L£f>hhsi>'obiis^ 324 : in 
381 P 

HiypHnUi I/S. 

[ rofniei5ier\\'L-rglelcheiule F iitcrsuchiingen, 

1 4 h 35 - 

|](/mogL'ny, 76. 

I lomnlogons ahernaiiom TP 
Homologous tlieory of ahcT^il ioii, 47. 
IIomosfMuouscondiiion,! 13: ferns in I'ataeo- 
zoic jieruHl, 497. 

Morsel ails, 366. 

, 64 h 

ITymeiujpliyllaceae, phyh-iLC [nisilion 0^654 
(Fig, 354) ; ex Leriial characters, 575 tFig^i- 
jzj, 323); s|Mtre-pr(jdticing members, 576 
( Kigs. 324, 327) ; anatomy, 5^^^ (Fig- 3 ^!^) E 
class! litaiion, 585. 

582 ; tFr/JfrV, 

JiytHCmphyUum^ liahit, 575 (hig. 322): 

sorus, 579 (Fig 324 sporangia, 579 

(Fig. 325 )■ J ,s| 3 ore-emi [Herat ion: 5 j 5S0 ; 
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filmy sinicuue, 5^2 ; slockj 5S4 {ri£;> 

52 S) ; d^fiiatum (Fig* 6 S)^ 

] [ypnliftsal appendage of J linger maim iaceae, 
analoj^y witli sllJper^gor^ 6G1* 

Ilypoliagal tier, 666. 

Hypotkrris^ 617. 

//y/> 0 /e/iiSf 61 5t 616 ; pliyletic pcsiliDn of, 655. 
354)- 

llypoiheiical arcliegoniate algae t>f Tansity, 
ij?. 2 i 6 ‘ 

Im|jerF«ctly difvftloped parts^ 162, 
fndir&imnt 636 3 rcdnciion ofj 637. 

Initial ion of sporopbyte nol demonstrated In 
any one phylum, 658. 

Inlcrcalalion of sporophyte, 260- 
Interpoktion of sporangia, 6 j2. 

Irregular] lies of chromosome’ cycle, 58. 
/sOi-Zet, 95 (Figs. 32, 53), 307 (Fig, 155); 
sporangia of, 318 IFigs. 165, 166) 3 ana- 
tomy ofj'337 (Fig, 177)? embryology of, 
338 (Fig. 191) j sporojjhytic budding, 57 ; 
stele of, 337 ; secondary ibickening of+ 
33® 3 319 I 337 

[l-’iS- 177)- 

Jiingermanniales^ 264. 

/unffients <QiHiUtniis^ 127 (Fig, 69). 

Kaidftti$i&^ 151, 505 (Fig. 276)3; sorus of^ 
312 (Figs. 278, 3S1, 2S3); anatomy of, 

533 ► 

Klukia^ 546 [Fig. 304k 
363, 622. 

/.as/rats /^j^trifde-ffKis, w 60. 

Leaft "free-living/' 1S3; iisTascular supply^ 
192 ; M ings of in ferns, 631 (Fig, 333J. 
Leaf-formalion, in LivciMorla, 133; in 
vascular plants, 134. 

Leaf- trace, 193 ; of Opbioglossaceae^ 462, 
488 ; in ferns, 648, 

[.eaves, sterile and fertile,- 87 ; polyphyletic 
origin of, 133. 

Lepid^firpi^ftj 704. 

LeJ>id&dtiidr‘&ft /itlightiftitffij 33Sj Nar- 

(Oiirtiif 334 (Fig- 174); rhi^iittmti£fise, 
334 ; 334 j pHikurttisiSf 

334; stlaginaiaety 336 (F’ig, 176). 
lotos, 304 (Fig. 152). 

Ltpidoitro^iiSi ^0^ {t\%. I53)j Browntif 
322 ; anatomy of, 335. 

Lopidostrobus Fj//AejVjffMWKJj 324 [Fig. 170). 


530. 

Leptosporangiale Ferns, symmetry of, 213 j 
not primitive, 496, 

Leacostogia^ 6rS (Fig. 340). 

Ligulatae, 2pl, 299; endiryology of, 356; 
“ Se/ogo^* condition, 700 ; irnly primitiv^e, 
711. 

Lily, pollen-mother-cells of, 49 (Fig. 32). 

IJudsttyit^ 617 i pbyktic position of, 665 
[Fig. 334). 

Loiif^fopbloios macyoiopidofits, 305. 

Lornuihus, 126. 

/.(ji-jtfwd, systematic position of, 574 j pbyleiic 
position of, 655 (Fig. 354). 

Loxsoma Cumtiu^hitiHi^ 105 (Fig. 60). 

Loxson^aeeae, 571 j spore-producing mem- 
bers, 371 ; anatomy, 573. 

Loxsottwpsis, see addendum, p. :(ii. 

Lycopodia] es, progressive disintegralion of 
slele, 231 ; general morphology of, 29° J 
spore- jirtfducirig meml>ers of, 31 1 ; com- 
pirative anatomy of, 328 ; embryology 
34“ \ summary on, 363. 

Lytopodi/es SlacPtif 29S (Fig. 147, 321) I 
Hvhorled leaves, 230 ; 30 1 ; 

pritjjoez'HSf 301 ; Saissiri, 30 J ; fi'/ta/ifSt 305 j 
305 . 

JyiOpodi'itT/i, origin of sporangium, 146 (Fig. 
75) ; leaf arrangement ofj 291 [Fig. I41) l 
section Utotfa^ltyoj 294, 313; section 
Rhopaiostachya, 294, 3141 subgcnus 

LepitUfii, 296; SLihgemts DipAftfUtNt^ ^ 9 ^? 
Sf/agHf 292 j Suhflitiiv, 292 ; aipinttm, 
sporangia, 314 (Fig. 161) j atmo/ivti/n, 
anatomy of, 329 [Fig. l7J)j prolhallus 
of, 341 (Fig. 179); embryo of, 347 (Fig. 
186) ; eer/iHum, 296 [Fig. 143) ? pr“' 
tballus of, 341 (Fig. 17S) ; embryology of, 
351 (Fig, 1S7), i&S, 101 t gatneiopbyic 
ofp 37 (Fig. 21) j sporopbyte of, 3^ (Fig- 
22); detached leaf-traces, 199 (Fig. 101); 
^haffifiocyparhsHS, 1 25 (Fig- 67) ; olstraiufHi 
396; sporangium of, 3I4; prothallus of, 
343 i embryo of, 347 ; reduced scales of 
seedling, 239 (Fig. 1 17) ; 292; 

Tnrtii/la, 292 ; Jinntiifit 292 \ rigiduttt, 
292 \ iMihousimanum, 292 j iuriuoinfH, 
292 ; gntdi&idts^ 292 i sqtmnt&iumi 29® * 
Phhgmatiat 393 ; [Fig. 142) \ variutfti 

294 J Sftbtf/tf/lfJrl, 294 J rttifJJfKltktrt/olitifH, 

294 J epAtuglosseideSf 294. ; 

. 294 i iriufidaiuvii Z94 ; J^ruNif/i(wdtt\ 294 i 
forHurtr/i, 295 (Fig, 148} J oJixvalnof, 296 i 
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296 (Kjg. 144) ; I 

prothallu&or, 334 I 

sporanpia] w all, 325 ^ iMundattuij, 294; 
^poranfiium of, jtj j prothiilus of, 340 - j 
embryo of, 351 ; pAUffttiarm, 293 ; [nlni ■ 
of(Pi^, 142)' sporangium of, 313 (Kip. 
ISSJ ; protbaUni of, 342 ; embryo of, J46 
(Fip. 1S5) ; sa!(i/:ejis:i\ prulbnlUis of, 340 j \ 
frontispiece ; form of, 392 ; spor- 
angiimi of, 3< ^; anatomy of, jsi? ; 
prothallus of, 343 (Kigs, iSo, j 

embryo of, 345 (Figs, 1S3, 184) ; coiiv ' 
parisoi] of, 363. 

Lyco|>pdtj, symmetry of, jro. 

Lycopsida, 4S6. 

i^y^hwdsndy&u^ 705. 

Ly^pdittm, 542 f( igs. 301, 302). anatomy, 

54 ? (Figs, 306, 3073-3 sitbalQium^ fertile i 
pri mor<l rallea ves, 1 87 ; early fert 111 ty , 632. ! 

K 

Male i>hield fern, rg. 

Malformations, 4S1, 

exteruai cltaraciers, 505 ; sorus, 

513 (Figs, 2?&, 283, ?S5) i anatomy of, 

555 t embryology of, 527 (Fig, 292), 

Maraitiaceae, symmetry of, 211 ; eKternal 
characters, 5'‘^S + spore'produclng niciii’ 
bers, 512; anatomy, 524; emiffyology, 
5273 pliyletic position of, 654 {Fig. 3541. 

Marebantiales, 257, 

Afarsiliaf 511; Uno/ir/i&itf/fi, 59. 

Marsiliaceae, 551. 

MaUfiiff, jct Maionincac I phylctie position 
of, 650 (h ig. 354} ; Dipitrii scries, 61S. 

Matomditim ^ 567+ 

Matonineae, 564(^5. 315) ; sj lore producing 
members, 565 (Figs. 316, 317) ; anatomy, 

569 (Fig, 319). 

Metlullation irii dipidodindf on^ 334. 

Megaphytly, secondary in Ferns, 657. 

Migaphyi&iU SoS, 625. 

Megasporangia, of 3 1 7: of 

320. 

Merisi de, 190. 

Men'slems of Ferns, comparati^’c study of, 

&50. 

Meroblastic segmentation, 6b t, 665. 

Mesnrch nylera* of Helmmihotf^Ays^ 486 ; 
of Thmipieris^ 4K6 (Fig, 268), 

Metamorphosis, 157, igt, 

Metzgeria^ 26b, 

it/fodVrwfff, 704 J membranayta f 30 r^ 

MifTQdkty&H^ 367, 


Mia^iepia, 39b (KEg, 332}, 613, 6 [4. 

I icrosj-K) rang ia 0/ Scl 3 1 7 ; of /rtv*/ , 

319^ 

Migration from water to land, 83. 

Mis^tae, 117, 497, 498, b[2, 63.3, 
tMokrui, 542 (Figs. 301, jo 3)3 analomy, 54S. 
.Monarch roots in Ophioglos.Kaceae, 458 (Fig. 

256) ; in Lycopods, 239. 

M&mckay 262 (Fig. 122) ; symmetry of, ^04. 
Monophyllous hal^it In Up]iii^gEo!isnce3tc,43i- 
^fonosteie, 190. 

Moss, cauline sttlar coliimix, 193, 

MuscI, 273. 

Mycorliiia„ in Cjrrf/jrti, 340 ; in jVVeVrjb 
anri Sat't'edit^ 240; iiif IMIotaCeae, 241 i 
in OphioglossaleSt 241,4775 la Lyco|wds, 
478 t in Ferns, 478. 

M ycorbiAic sy m bicuflis, 1 1 s rclaii on to re^i net Eon , 
240. 

My^surus^ 1 28. 

127, 

Kitniimkrium\ 283 (Fig. 1401. 

Pfi^pAyodlittu diiaialttm, a|>ngame, 53 (I'ig. 

8Sb 

! Aewaffew, 67. 

Nx'fiialifphjvuSy 2 28. 

] Ntphrodinm Mii'x^hrat^ '5'25 (I' ig^- i, 2, 4, 

5 , 6, 9 , JO, 11)5 psffuk'fftffn, V. cffs/ii/(t, 

I apogamy anti a|>ospi^ry, 56 SSI ; 

I V. 57, 58 (Kig. 39). 

' J\^ffiyppfe‘rtSt, 705, 
i N'on-med II Dated monostele, 339. 

Non-soml state in herns, 033. 

A’ld^by/^s, 269 (Fig. Jjl). 
f Nuclear riis'Esion, 47^ 48 [Kig. 3?), 

Nutrition caf sporopbyte, 242. 

Nulritirv ce]ls> 263, 

Octants^ thctjry of, 179. 

554 h (■ Ifl' J ■ * 1 : 

522 (Fig. 1S9). 

Onagraceae, 96. 

Onoitra^ 617; 29 (Fig. 13); 

Stt'idhioph'fiSt illlicrcniiatinn tif lea^'etj, 
169(1% 89), 

UpEiiogtossalvs, siyuimeiry of, 212, 430; 
external characters, 431 ; s[}4>re^prodiicjng 
mcniliers,. 447, 4B4 : anatomy, 458 j em. 

] cryology, 464, 4S9 ; comparative discus^ 
Sion of, 47b J mycorhi/a in. 477 j ijot a 
rediicEion series, 477 ; origin from iipnran- 
giofjhorlc Kterido|>hyte3, 493. 


2 2 2 
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O/f^i/o^^cssUfif, t Sternal c^laracler!i^ 43 1 ; 
i^lujrft’pFrtclMeing niemljers, 447 ; spore- 
111 her -cell's 45r 250^ 251}; ana- 

lortiy. 45S (Figii. 556^ 25S> 259); t'lnhryOf 
46^ ( rig. 260I1 : proihallitSi, 464 ; 

; ffjiafiffiiy 431 ; 

431 (Fig^ 235}; 433 E 

sifttif 433 j 433 ; /ififfari/fz/w, 

433; 435; palmafum^ 433 

(Figs. 23S, 239) j simpli:x, 44 T ; btftr- 
nmiifitti^ 44' ; 439^44® (Fig, 

246} 3 451 (Fig. 250K 

OricDtalioii of embryo variable, b^i6- 

Origin of meinbers as new structures, 639: 
objeclloLis answered, 6S0. 

Osiiuoida^ 530 (Fig, 293); sporangia of, 
53s, 535 (Figs-^ 296 bis, 296) \ anatomy 
of, 536 {Figs. 29S, a99) ; embryology of, 
540 ; reduced leaves of, 239 ; and 

jm'smoi^ 169 (I'ig' <Ki}- 

’Osninn.daceae, exieriial characicTE, 530 (Fig. 
£93) ; spore- protiiicing niemlw^rs, J33 ; 
anatomy, 536 j cmbfyolQgy, 540 ; phyleiic 
posit Lon of, 654 (Fig. 354). 

OimundiUi^ 539. 

Overtopping, 135, 136. 

Pathythtia^ 22 &. 

ralacophyiology, evidence of, 227 ; its 
liinitatioTis, 229. 

Paltxt^pUris hpftrnkay 582. 

Pti/aeokiiffiya, 150 {Fig. Si) 3. iif^vF, 375 
(Fig. 203) E morphology of cone, 384 
footnote. 

Farts, independent origin of, 1S3, 

Pefopkrk^ 528 *, (Dii-hotif/es) /Vfrc^tfw/Z, 

528; dintaia, 519 (Fign 287)1 wwrVrt, 520. 

(Fig. isS). 

Ferlblem, 178. 

Periodic reduction, 84. 

PeroriifSjtOtrt^ 6S. 

P/iilSfUrri^ 2S2 (Fig, 139). 

Phragmidium^ 69. 

Fbyllanthus, 126. 

297 (Figs. 145, 146); spor- 
angitim of, 315 t embryology of, 352, 355 
(Fig. 189) S detached leaf- traces, 199 ; 
protocorm of, 225. 

Phy I loids ( Ligni or), 1 3^' 

Fhyllopndium, 629^ 

Phyllosiphonic structure, 139, 19* J State, 
may be derived from cladosiphonic, 487-8; 
secondary, 64S. 


PhyiMiia, 150, 167, 37 ^ (Fig. 19?)^ 3^4- 
Pliylogcny of Filkales, 652. 

P/iyu^t^tilr^Ha pa/ens^ 36 {Fig. 20). 
P/iysromkriufiiy 2So(Fig, 137}. 
Physiological experiment, 6 ; a check on 
phyletic spcmtlatiO'n, 236- 
Phy tonic theory, anatomical aspect of, 188 ; 
ofDelpino, 133. 

PUiii ovule of, 41 (Fig. 27). 

Pi Ildar ia^ 551, 

Pffiai'ffdcfidfVfi ffiiffivtiiH, 304. 

Pin/ff /.arkUt germination of pollen, 42 
(Fig. 2S). 

Piaiyttrinm,, 63 i. 

Piafy-mna^ 553, 
l^lerome, tyS. 

220 (Fig. 114), 3 ^^ (Fig- 
strobilus of, 304 {Fig. 154)' 
Pndofitemaceae, syiirimelry of, 201. 

Polarity, 203; of embryo variable, ; 

inversion of, 675. 

Pollen -motlier-cei Is, 49 (Fig- 32)- 
Poiygomifti^ ovary of, 44 ( Fig. 30). 

Poly pby let ic development, ir. 

Poiyp&diiim^ 628 ; phj'klic position of, 656 
(Fig, 354) t piiitdafum, 616; 23, 

28, 214 (Figs. 7, 12, iro)j symmetry of 
seedling, 214 (Fig. 1 to). 

Pi)iysip/ii?nftj, 67, 81. 

Poly sporangiaie state, 113. 
l^olysteltc type, 189. 

PfifyshVAum augtditrv, v. puk/arrhintn J 
apospory in, 55 (I’ig. 37)- 
Polytrichaceae, stem -structure, * 95 '^’ 
Pp/y/rifiiiiiH , 281. 

Pordiay 265 (Fig. 126). 

Precocity of cotyledon, 670, 671 j 
672. 

Primitive shoot, 7 id. 

Progressive nietamorpliosis of Goethe, IS?* 
2SI, 

Prohepatic type of Lignier, j 37 i 
F rolhalli of Ly^opcdiiim, 3401 saprophytic, 
342 ; subterranean, 343. 

Prothallus of Fern, 25. 

Protocalamariaceae} 373. 

Protocorm, iSi, 223, 253, 672 ; in Phanero- 
gams, 224; of Lycopods, 351. 

Pioiostelit state in primitive FernSj 647. 
Pfotosylcm, peripheral in Lycffpeddirrij 328; 

central in StiagiiitdAi 33^- 
PsarontuSj 507, 526, 52S. 

Pseudo^ntia, 373, 424. 
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Psfitido&teJeSj 193. 

Psitoiaceacj 3985 408. 

PtihUon^ 8S {Fig. 45J; ^|>CiTaii(;io|>lior^, 
147; spore-prodiicins; inenib&r^ of, 41^ 
{Fiff. 232); aiiatoiri) 41S (F[g, 2:;jj j 
40S, 412 (Fi^. 229). 

Ptcridoph^^ftj 388 3 Uilaiicc uf aliernaiing 
gun era lit] ns, 36, 

PteridospennSj their tli stove rjs 496. 

/Vfri'jj phylettc posiiioa oh 635 354) ; 

e/ataj 616 (I'ig. 34 2 J ; hi'ici^^hyfla^ 632. 
Ptcropshla, 4S6. 

Pty€h&.'a>fi(s, 511, 520 [Fijr, 288); imkm, 
151 (Fig, 84). 

R&fhiopta ls Oldhamui^ 501. 

Radial const riicli on, 201, 232. 

AVu/Wrt, 264 [Fign 125). 

Rocapilulalion, theory of, 171 1 applicaltti; 
within Jindis, iSj ; exceptions to its | 
applications, 159, 6j6, 660. I 

Receptacle of sorus, 634 ; not a result of ! 

‘ ‘ inctanii>rphosis, " 63 5. 1 

Refl Seaweeds^ 

Reduction, 233, 253 ; iis prev-alence in i 
phyletic sfieculaiion, 335; of leaf, 139; 
in aioss'sporogonia, 238; in 
241 ; follows on seed-habit, 717 ^ of chro^ 
Tiioson^es, 50 (Fig. 32); phyictic dday 
in. 77 . 

Reduction’ series^ synthetic necessity of, 482. j 
Rhhoph&m^ 96, 143 (Fig. 72)1. ! 

Rbispophoresj inf Sd^yimila^ 319. 

Rhopafcifiaf 71 fFig, 41), 

Riaia, 33, 34 {Fig. 17) j aksence of polarity, | 
203; archegonitim <3f, 257 (Fig, J18}. 
Rif€to€Atpi(s, 34 (Figs. iSj i8aJ j sjwro- 
gonium of, ?57 I20)- 

Ritlla^ 263. 

Root of einbfj.'O, variable in lime ant] place 
of Origin, 671, 672; oiigin of, 216; 
exogenous, 319 ; capluss, 319, 

Tioot-apes of Osniun^laceae, 649 (Fig. 35 iF 
Rootless sporophytes, 218. 

Roots, “ freediving/^ 183. 

Rnot’Structnrc in Ophi<jglMsaceae, 458 (Fig. j 
256), 489. 

Saivinia^ J76, 6io<. 

Saldniaceac, 610 j related to Gradatae, 611. 
Sihkafa^ 543 (Figs, 300, 30J, 302}: anatomy, 

S 49 - 

Schizaeaceae, ex ternal chniacteriS, 542 J spore- 


prod iicing nicnibcr.”, 544 ; anatomy, 34- ■ 
segmentation of s])ijrjngiiim, 347 
305) : phyictic fio^iiion ^if, (I’ig. 354). 
Srhhtifttnm^ 373 {l’jg. [98). 

Schixo.htelic stale, 192. 

Si'ohpciiiishittf (Fig. 93^; afiogainv, 

52, 54(RgH. 34, 35). 

SmUfopierk, ;ei (Fig, 2S2}, 521 (Fig. 289) ; 

pa/ytmip/iA, 522 (hig. 3,^9}. 

Secondary thickening, 690; in /.ypt'dinkn- 
r/jvw, 334; in Ophloglossacetle, 48S. 

■Seed -ha bit, 703, 716; often leads to re- 
duction,, 703. 

Seed- plains, Isilaiice of alternating gcnei'a- 
tions, 43. 

Segmentation, 171^; t,r enibiyo, 179’ of 
xi'giJte in Lycopod^, 345. 

origin of hjitj-raiigitnn, 146 (I'ig, 
74! : syinmetry of, 211. 

Si'/a^irtaf/n Apftff niLcroSjVoraiigium of, 39 
(Fig. 23)3 megasporangiiiin uf, 40 (Fig, 
34); iiiicrospore of, 40 (Figs. 25, 26). 
Sdi^iptiidlii suu^i^ithidt'fifa, 299 ; Afitrlymik 
299 1 A pus, 317: riipysfsis, 31 7 t hdvdka, 
316; Wakiyhu^ Jib; KrAftfsiafm^ 316; 
itiaiiptaRjh/hy 3J4 i 334; 

/aypijffi/fit 334 : spinn/tHfH^ 299 (l ig. 51) [ 
basal knot of, 220 (Fig. it 3); geiKTal 
niorpliology of, 300 148, 149) E 

s|>ora[igiaof, ji(j(Fig,s. 163, 164); anatomy 
of, 332 (Fig. J7j); emhiyolijgy of, 334 
(Fig. 190). 

* ' Jd‘ condition, [641 in Lyco|h)ds, 
I&4 ; in /wA'J, 163: In IkdlnliiCL-^ie, 1(33 ; 
in tiphioglossaceae, t66; in I'’erriis, 167. 

346 (J'ign 303 Jl CJ/ii/Wt';- 
Mii/iytT, 522 (I' ig- *^9)’ 

Sejjla, origin of, 97, 1 10. 

Septum In 'P/fiydpfy/ is^ 411, 415, 

Sericfi of progression, lo, of reductiihn, 10. 
Sexual eycle, 75- 

Sexuality, a constantly recurring feature, 9. 

stela r slruclurc, 2.? I ; friictiiF 
cations of, 325; ck/f^n/u, 3 j? » d^ynNi, 
337; iVt uardf, 337 [ 337. 

Ctyputi^ 325, 

SimpticLs, 117, 497, 49 J^p ^ 34 ’ 

Siniilbleavcfi tyjiefl primilii'o, 139. 

Stilenostelar structure, of likukynia^ 562 

(Fig. 3 I 3 SE 0/ jl/ir/iJ/j/df, 569 (h'ig. 319); 
of 573 (I'ig, 32 1>; of Dfitn^ 

itayiiiiuuiy^ boo (Mg. 333) ; of Pkriu bid 
(I tg. 342). 



INDEX 


726 

Solcnosiele, 190 ; in Ftrns, 647. 

Soilirttit cKpani^iun, 77. 

Soral slftte in FernSj 63 J' 

SftfuSj a s|}i>rangia|>liurCp ^S' * fission of, 

^33 T pfimUive position 05,633; j 

of posiiioin of, 636; OM tension of, in j 
Fernsj 6^^. 

S|>C^nlati^’C nnsrpliolofjVN 6^ 

S/>£mi'yii 4 Sj J46 (Fig. 76 J : 3 ^* i 

(Fig. 167). 

Spernmlozoitis, fcrtslisalian 2, 244. 

92, 263. 

S^haf.y&J>tifyis, 617. 

Spliagnales, 272. 

93 (l‘ig. 4S), 272 (Fig. 132). 

Sphi^fii^phyiUim^ ^egeiativtr system, 399 1 
analomy, 4OO ; sTrobiiw;?, 401, 

Sphenophyikles, 3<)S ; nummary foT, 423, 

SphcnopbyUeae, 230, 39S. 

SphamphyUnm 40D (Fig. 216) 

{ = S. 402, 425 (Fig, 219); 

Sr firttyyimuHrj 400 (Kigh 216) ; J. 
(iilafumy 400 (Fig^ 216) j majits, I47 
(1 ig^ 78)5 hisigm^ 400 (Fign 217); S. 
trkhomatQmmr, 402 (Fig. 2J8) ; J, 

402 { 402 ; 

402, 423 (Fig. 320) 3 majus, 402, 424 
(Figs. 221, 222) ; ftydk, 404. 

Sphfhtium, 28 r (Fig. i3S)t 203 

(Fig. IQS). 

Sporangia, 693 1 posiiloiisof, 694 (I'’ig, 360) ; 
iiicfcase and decrease of) S6 ; unifonmiiy 
of dimensiuns of, 1 14; indefinilcness of 
number, 115; relation to a^iis, 113; in- 
dividual identity of, 117; simultaneous 
or successive, 1173 vatiaiions in number 
of, 119, 129, 249; increase in number of, 
t 2 D, 249; decrease in number of, r 20 , 249; 
sepiation of, I 30 , 249; inierpolaiion of, 
120, 121, 249; interpolation restricted to 
certain groupS) tjO ; fusion of, 120, 136, 
130, 249; al.»orlian of, 120, 127, ]6l, 249. 

Sporaitgiophoic, 144, 250, 693; of Tmesip^ 
Uri$i 409, 410, 414: of Pui&tH}n„ 412, 
41G ; number of sporangia, 425 3 position, 
425 ; development, 426 ; a pan sui gtney is ^ 
153, 426; amplification of, 699; posit ionsof, 
694 (Fig. 360); of H^hninihAstaikys, origin 
of, 45s ^54, 25i)? of Eqais&tum^ 

371, 377 J 379; morphology of, 3^2. 

Spurangiophoric Pteridophytes, 366 ; sum- 
mary for, 423; a brush of related phyletic 
lines, 7 i 2 ' 7 t 4 - 


Sporangium defined, 103, 112 ; individuality 
of, no; septation of, no; of Ferns, 
segmentation of, 637 (Fig, 349) ; stalk of, 
63S ; bead of, 638 1 annul ns of, 63S ; plu ri- 
ser late aitnulus, 6391 contents of, 641; 
succession of, 644 ; of Filicaks, 637. 

Sporangiogenic liand, 447, 449 (Figs. 247, 
248). 

Spore -enumerations, 641 ; variation in num- 
ber in near affinities) 643 ; in lioiryopicri- 
deae, 502; in Marattiaceae, 516, $20 i in 
Osniunfiaccae, 536; in Schizacaceae, S 47 - 

Spore-output of ^[ale Fern, 23, 

SjXirc-protlucing members, 693 1 of Filicales, 
632. 

Spore- product ion a constantly recurring 
event, 9. 

Spores, dispersal of, 645 ; in SimpHcca, 645 i 
in Gradatae, 646 (Fig. 350) ; in Mime, 
646. 

Sporogonia, symmetry of, 203 ; of Mosses, 
general coiojwrison of, 285. 

Sjjorogenous grrjup, 87 ; tissue^ segregaiion 
of, S5 ; hypodermal origin ofi 109 ; not 
strictly ciicumscribefl, IJ2 ; time of dis- 
linctive development, Ji6; disintegration 
of, 142. 

fiporophyll converted to foliage leaf (Goebel), 
ryi ; of T/ifciipkriSt ^0% 410, 414+ 
Fsik/ifWi 41 1, 416. 

Sporophyte, 32. 

Sporophytic budding, 2Q, 61. 

Sporophylls, J44. 

Spross-glied-kbre of Celakovsky, 135. 

S/ai-Asftmt/ayiAf 377. 

SMuyApffyts ^IdhAmin spores germinate in 
Sporangium, 497, 49S (Fig, 27^ b 5 ®^' 

Stign\arian trunks, 220 (Fig. 1 12); 

(Fig. 150). 

SlegocaifKie, 277. 

Stelar theory, 1S9. 

Stele, 189 ; non-medullaied monostele pri- 
mitive, 685 ; medullation, 6S7 ; disinte- 
gration, fiSy ( Kylem-sponge of Lycopods, 
6SS; intrusion of outer tissues leads to 
solenostele, 688 ; of Lycopods, 32S ; of 
Sei<i^'tTe//a, 332 (Fig. 173); of 
333 (Fig. 174). 

Stem-apex of Angiopiiris and OsmimdA^ 65 t> 
(Fig. 351). 

Sterile and fertile regions, their relations, 
136, 251. 

Sterile region secondary, 161* 
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Sierllisalion, S4, S7, r6r, 246; m lHerKk> 
phytft, 89, 93 j ill lirj ophyja, 90 j in 
Seed Pknls, 96, 97 (1 ig. 37) ^ it, 
chantialcSp 363 ; m Jurgeriniirininleip 267; 
in AnthowrotakS) 269; in Ilepiticae 
generally, 271? in Mouses 2861 in 
Bryopliytes, 660, 

Stock of Ophioglossniceacp structure of, 4591 
etc. (Pig, 3 j 6) of 0 ^ Berdan 460 
{Fig. 258J ; of ihlmiiithostiichys^ 460 (Kig. 
257). 

Stomata, fund ionless in Sphotpinnu 374. 

Storage- tuber of Phylh^hanm ^ 352. 

Strobili, symmetry of, 20S. 

Strobilus, theory- of, 132, 138, 24S ; of 
Equisetum^ 370. 

Slromatoptttit^ 553. 

Stmthiopterit^ 631. 

Subtending position of bract, 695 (Fig. 361), 

Suppression j 

Suspensor, its variability, iSajiri Bcfijfkutm 
cbiiqmim, 472 fFigs, 264-266) \ present or 
al>sient, 675, 

Symmetry, 20\, 252; radial primitive for 
sporophyte, 203, 217, 252. 

Synangia, in Boirythium Lituaria^ 453 (Fig. 
252) ; in Botryfbiifffi dfUid/Qiium^ 454 
(Fig, 253) ; of MarattEaceae, ^r?. 

Synapsis, 50 (Fig. 32 )- 

Synthetic types, 230. 

Tapeium, 104, 

Thyrsoptcrideae, 5S9. 

Thyrtopisrh^ 589 (Fig. 329)1 phylctic 
position of, 655 (Fig. 354 J. 

Tetrad-division, 49, 50 fFig, 32), 87. 

Tetraspores, 66, 67, 68, 

Thallophytes, alternation in, 63. 

TmenpUiis^ 144 (Fig, 73) ; 408 [J'’igs. 226, 
2*7* i spore-producing members of, 
4*3 (Figs. 230, 231) j anatomy of, 419 
(Fig. 234) j spomngiophare, J47 (KLg^ 77)5 
7 ii»nefifis, septum fertile, 99 (Fig. 58 J. 


y'H'd, 530, s|>orangia of, 532 294), 

Sjj (Figs. 295, 296); anatomy of^ 536 

(Fig. 2g8)t 583, 

Tral^eculnae of /jtftVtV, 9j, 318; of /.fpiWff^ 
; 323, 

Tmikst'f^iUia^ pollen grain of, 43 (Fig. 29). 
Tykhotmms, habit, 575 (hlg, 323); soiuS, 

I 57 *^ (Fig, 324); sporangLa, 579 (Figs. 325, 

I 337); S|K>rc L-rLinqcraiionfi, 5S0 ; filmy 

j structure, 582; slock, 584; 631: 

< apfjgamy anti ajioftpfiry, 36. 

j Tubkatths^ 301. 

Uebergipfelung theory of FettonitV, 135. 
f-Vw sued I in gii, 185. 

UkihyfXy 73. 

Uredineae, 69. 

Vaiduhim Afyr/ikita, synimelry of, 209. 
I^adia] ty|K of oarly Ftrji^i, 635. 

Vascular shoot, symmetry of, 206. 

\'asuular skeleton, 683. 

I aif dtTIil, 64. 

kityaiiyfiHy 1 37, 

V'ugutative region of l^teiridophyies. sym- 
metry of, 209. 

\'elum, origin of, 319. 

\'ei]Htion in Ophioglu^isaceae, 463, 

Ventral loije, ^33, 426, 481. 

Water-relation, 2. 

floral symmetry, 20S. 

Whorkd (eaves, pmlmbly primitive, yir. 
Wings of leaf in Ferns, ctanparattve study 
of, 651 (Fig. 359). 
ff (Kvff/ir, 6x7. 

Working hypothesis, summary of, 244. 

Xylcm-core, 334 ► 

Xyleni- islands, 330. 

Xyleni- sponge in 330. 

Zy}*0picrk^ 583+ sporangia of, 301, 508 (Fig. 
272)1 529, Gfiiyk, 499 (Fik- 270)- 


CLASOOw: PRINTED AT THE UHIVlUSITV fJiiKS JiV ilOJH:hT JlACl.lHIOSF AM? CO. LTlJ 



WORKS ON BOTANY 


Practical Botany for Beginners. 
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Globe Svo. 3s, 6d. 
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ANALYTICAL CHEMISTRY. \iy A. MKNSCHUTICIN, Trans- 
lated from ihtf Third German Edilion, iintler ihe supervision of (he .-^iiihorj liy 
Lockk. Mediuin Svo. Jjs. 

ESSAYS IN HISTORICAL CHEftHSTRY. By T. E. Tiioki-k, 

C.B., I'.R.S^ Sticonil Ediiioo, enlarged. Svo. 12s. nci, 

HISTORY OF CHEMISTRY FROM THE EARLIEST TIMES 

TO THE PRESENT D.W. By Ewies'i vox Mevrr, RliHX Tliiid Kdtuoii. 
Translaled by GiiOROl; McGowax^ Ph^D, JSvo. 175. net. 
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Based on Professor CoHXHutips CAi-mn- (f^r Eizivtjs A'lif/ir. Svo. 15*;. nei. 

THE SCIENTIFIC FOUNDATIONS OF ANALYTICAL 

CHEMISTRY TREATED IK AN ELEMENTARY MANNER, lb' VVn iielm 
O sTWALDj Pb.U. Translated hy OF-OKfiE McGou'aa^ Ph, I L Crown Svo. 6s. iicL 

PRINCIPLIiS OF INORGANIC CHP:MISTRy. By ProC \Y 

OsTWALD. Translated by A. P'lXPIrAV. Svo. iSs. net. 

A DICTIONARY OF CHEMICAL SOLUBILITIES, INOR- 

GANIC. By Anniuk MKSiiiXtJEK COMKY, P]i, IX Demy Kvct. iji. nei. 

A NEW VIEW OF THE ORIGIN OF DALTON^S ATOMIC 

THEORY. A ConiribuLion to Cbeiinica] Hisiory, Together with Jj.^ttei>and Docu- 
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